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PREFACE 


The  Special  Aviation  Fire  and  Explosion  Redaction  Advisory  Committee  (SAFER) 
(Reference  1),  recognized  that  aircraft  seat  cushions  represented  a 
potentially  important  fire  source.  The  SAFER  committee  recommended  that 
fire  blocking  layers  should  be  evaluated  for  seat  construction. 

The  Federal  Aviation  Administration  (FAA),  acting  on  this  recommendation, 
evaluated  Vonar  ,  a  neoprene  foam  blocking  layer,  in  a  full-scale  cabin 
fire  test  facility  to  examine  its  effect  on  postcrash  fire  propagation  in 
the  aircraft  (Reference  2).  The  use  of  a  Vonar  fire  blocking  layer  with 
conventional  seats  significantly  decreased  the  flammability  of  the  seats  and 
increased  the  survivability  time  (Reference  2).  The  additional  weight 
associated  with  the  use  of  Vonar-3,  with  a  weight  of  0.918  kg/m3  (27.0 
oz/yd3),  in  the  U.S.  fleet,  amounted  to  a  cost  of  approximately 
$31,000,000  per  year  averaged  over  a  10  year  period  (see  Appendix  E-l). 

The  Chemical  Research  Projects  Office,  Anes  Research  Center,  under  an 
Interagency  Agreement  with  the  FAA,  was  charged  with  the  responsibility  of 
optimization  of  the  seat  blocking  layer  design  with  regard  to  fire 
performance,  wear,  comfort,  and  cost. 

Tb  achieve  the  above  goal,  various  fire  blocking  materials  were 
characterized  in  terms  of  their  (a)  fire  protection,  (b)  wear,  (c)  comfort, 
and  (d)  cost  as  compared  with  currently  used  seats. 

From  our  studies  (see  Appendices  B  and  C),  it  has  been  shown  that  a  number 
of  improved  fireworthy  seats  can  be  made  by  protecting  the  cushion  with  a 
variety  of  fire  blocking  layers. 

The  optimum  material  is  Norfab®  11HT-26-A1,  an  aluminized  fabric  which 
will  cost  $11,600,000  over  the  baseline  cushion  and  provide  approximately 
similar  fire  performance  as  the  Vonar-3  wrapped  seat  under  small-scale  fire 
test  conditions  (Appendices  B-l  and  C-l). 

This  optimization  program  showed  that  some  fire  blocking  layers  such  as 
Norfab  11HT-26-A1  gave  better  fire  protection  when  used  with  non-fire 
retarded  urethane.  Thus,  it  is  possible  to  use  non-fire  retarded  urethane 
with  a  density  of  19.2  kg/m3  (1.2  lb/ft3)  with  the  Norfab  11HT-26-A1  at 
a  cost  of  only  $7,880,000  over  the  baseline.  This  represents  a  fourfold 
improvement  over  the  cost  with  the  Vonar-3  material. 

This  report  is  presented  in  two  parts  -  Sections  1-7  which  describe  the  work 
completed  under  the  Interagency  Agreement,  and  Section  8,  the  Appendices, 
where  individual  studies  nay  be  found. 


Vonar®  is  registered  trade  mark  of  E.I.  du  Fbnt  de  Nemours  Co., 
Norfab®  is  a  registered  trademark  of  the  Norfab  Gorp. 


Inc. 
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EXECUTIVE  SUMIiAKY 


The  purpose  of  this  study,  conducted  under  an  intergency  agreement  between  the 
Federal  Aviation  Administration  (FAA)  and  the  National  Aeronautics  and  Space 
Administration  (NASA),  was  to  select  and  evaluate  low-weight  fire  blocking  layers 
for  aircraft  seat  cushions  to  minimize  the  cabin  hazards  created  by  a  postcrash 
fire. 

The  general  approach  was  to  evaluate  the  fire  hazard  characteristics  and  mechanical 
properties  of  a  series  of  candidate  seat  cushion  fire  blocking  layers,  and 
accurately  compute  the  weight  differential  and  manufacturing  cost  of  each  candidate 
system  as  well  as  the  impact  on  airline  operating  costs  for  the  U.S.  Fleet  over  a 
period  of  10  years.  From  this  work,  a  number  of  blocking  layer  configurations, 
optimized  for  fire  hazard  reduction  and  minimal  weight  penalty,  have  been  derived 
for  full-scale  fire  test  evaluation  at  the  FAA  Technical  Center. 

A  series  of  eleven  seat  fire  blocked  configurations  was  evaluated  using  various 
fire  test  methods  and  laboratory  tests.  From  these  tests,  it  was  concluded  that 
seat  cushions  constructed  with  such  fire  blocking  materials  as  Norfab  11HT-26-A1 
in  combination  with  non-fire  retarded  urethane  foam  provided  a  definite  reduction 
in  the  fire  hazards  with  a  minimum  weight  penalty. 


1.  INTRODUCTION 


Aim >n»;  existing  omnereial  ly  used  cushioning  ixjlymers,  there  is  probably  no 
hitter  material  fron  mechanical  aspects  and  cost  (ca.  $0.15  per  board  foot) 
than  conventional  flexible  polyurethane  foams,  and,  unfortunately ,  none  more 
thermally  sensitive.  TTiese  polymers,  because  of  their  easily  pyrolyzed  ure- 
tliane  groups  and  thermally  oxidizable  aliphatic  linkages,  exhibit  polymer 
dec«jnpo6ition  temperatures  of  ca^_  250°  C  (508°  F),  maximum  pyrolysis  rates 
at  300°  C  (598°  F) ,  with  a  total  yield  of  pyrolysis  vapor  of  about  95%,  most 
of  which  is  combustible.  One  would  expect  these  materials  to  ignite  easily 
with  a  low  power  energy  source,  and  when  ignited,  effect  sustained  flame 
propagation  even  after  removal  of  the  heat  source. 

This  report  examines  the  possibility  of  increasing  the  available  egress  time 
for  passengers  from  aircraft  exposed  to  a  large  fire,  by  providing  fire 
protection  for  the  polyurethane  cushioning. 

At  the  present  time,  all  ccmmercial  transport  aircraft  are  fitted  with  fire 
retarded  flexible  polyurethane  seat  cushions  (bottoms,  backs,  and  head 
rests)  with  an  average  foam  density  of  29.9  kg/m3  (1.87  lbs/ft3).  With 
average  seat  construction,  there  are  about  2.72  kg  (6  lbs)  of  foam  per  seat. 
For  2,f)00  aircraft  with  an  average  of  200  seats  per  aircraft,  this  amounts 
to  921,000  kg  (2  million  lbs)  of  flexible  polyurethane  foam  in  use.  The  op¬ 
tions  one  might  consider  as  seating  alternatives  to  effect  improvement  in 
the  fi reworthiness  of  aircraft  interiors,  and  their  limitations,  are  use  of 
the  following: 

§  fire  resistant  non-metallic  (polymeric)  materials 

limitations:  high  cost,  difficult  processability,  low 
durability  and  comfort  factors 

§  plastics  and  elastomers  with  fire  retardant  additives 
limitations:  not  effective  for  postcrash  fires 

§  fire  blocking  layers  (FBL) 

limitations:  essentially  none;  although  compromises  will 
have  to  be  made  in  the  choice  of  an  FBL  with 
respect  to  ultimate  performance  as  a  function 
of  cost  and  weight,  and  the  costs  of  labor 
involved  in  assembling  a  composite  seat  cushion. 

The  same  classes  of  high  char  yield  polymers  that  are  known  to  be  outstand¬ 
ing  ablative  materials  (sacrificial  materials  designed  to  be  consumed  in 
order  to  protect  other  components)  such  as  phenolics,  polyimides,  and  poly- 
ben/,  imidazoles  (PBI),  can  be  made  fire  resistant  enough  to  inhibit  both 
propagation  and  flash-over  when  used  as  replacements  for  polyurethane  in 
seats.  However,  when  so  designed,  they  all  suffer  serious  limitations  be¬ 
cause  of  cost,  processability ,  comfort,  and  durability  (brittleness). 


No  tire  retardant  additive  known  to  date  can  suppress  production  of  canbus- 
tible  vapor  fr<jm  polyurethane  foams  under  sustained  heat  fluxes.  The  only 
real  option  that  exists  at  present  with  commercially  available  components 
seems  to  lie  the  fire  blocking  approach;  that  is,  to  provide  cost  and  weight 
optimized  ablative  materials  in  the  form  of  foams,  or  fabrics,  which  will 
expend  and  dissipate  the  heat  flux  incident  on  the  seats  by  producing  non- 
toxic  non-ccmbustible  residues.  Eventually,  however,  the  ablating  FBL  will 
be  consumed,  and  attack  on  the  polyurethane  foam  will  occur.  The  time 
needed  for  ablation  of  the  FBL,  which  is  then  the  protection  interval  for 
the  polyurethane  foam,  should  be  optimized  as  a  function  of  cost,  weight, 
durability,  and  other  contributing  factors,  to  provide  the  requisite  egress 
time'  for  aircraft  passengers. 

One  of  the  largest  contributors  to  the  development  of  a  hostile  environment 
inside  an  aircraft  cabin  during  a  fire  is  the  production  of  flammable  and 
toxic  vapors  from  soft  fabrics  and  furnishings,  the  bulk  of  which  are  con¬ 
tained  in  the  seats.  The  flammable  vapors  produced  by  thermal  decomposit¬ 
ion  of  the  urethane  foam  cushions  are  assumed  to  be  the  largest  single 
factor  contributing  overtly  to  this  hostility  factor  during  such  a  fire. 
Thus,  it  is  deemed  necessary  to  find  an  FBL  to  minimize  the  hazards  created 
in  the  [»st-crash  aircraft  fire.  Preliminary  studies  (Reference  2)  have 
sk>wri  that  Vonar-3,  0.48  on  (3/16  in)  thick,  is  a  good  ablative  FBL,  but  it 
carries  a  heavy  weight  penalty  producing  significantly  increased  operating 
costs.  This  study  was  performed  to  find  an  FBL  which  will  provide  greater 
cost  benefits  and  comparable,  if  not  better,  heat  blocking  performance  than 
0.48  an  (3/16  in)  thick  Vonar. 

The  main  purpose  of  this  investigation  is  to  evaluate  the  fire  hazard  char¬ 
acteristics  and  mechanical  properties  of  a  series  of  candidate  seat  cushion 
FBLs,  to  accurately  compute  the  weight  differential  and  manufacturing  costs 
of  each  candidate  system,  and  to  provide  a  quantitative  assessment  of  the 
effect  of  these  factors  on  airline  operating  costs  for  the  U.S.  fleet  over  a 
period  of  ten  years.  From  these  data,  FBL  configurations  will  be  character¬ 
ized  and  ranked  for  fire  hazard  reduction  and  minimal  weight  penalty,  and 
will  be  recommended  in  rank  for  full-scale  fire  test  evaluation  at  the 
Federal  Aviation  Administration  (FAA)  Te clinical  Center. 

Initial  interest  in  this  problem  of  passenger  survivability  time,  and  the 
development  of  severely  hostile  cabin  environments,  began  when  it  was  shown 
that  a  Vonar-3  FBL  over  normal  polyurethane  foam  cushioned  seats  provided  a 
significant  reduction  in  fire  hazard  in  a  full-scale  fire  test  (the  C-133 
wi de-body  test  facility  at  the  FAA  Technical  Center).  Preliminary  data  from 
the  FAA  Technical  Center  indicated  that  the  Vonar-3  blocking  layer,  when  en¬ 
casing  a  conventional  fire  retardant  (FR)  urethane  cushion,  appeared  equiva¬ 
lent  in  fire  protective  performance  to  full-cushion  LS-200  neoprene,  and 
superior  in  performance  to  full-cushion  polyimide,  full-cushion  FR  urethane, 
and  0.48  an  (3/8  in)  LS-200  neoprene  blocking  layer  over  FR  urethane 
(Reference  5).  However,  use  of  a  Vonar-3  blocking  layer  resulted  in  an 
estimated  weight  fienalty  of  1.8  kg  (4  lbs)  per  seat.  Thus,  due  to  ever 
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increasing  fuel  costs,  the  Vonar-3  blocking  layer  may  not  be  cost  effective 
(see  Appendix  E-l).  An  F8L  is  then  needed  which  affords  fire  protection  as 
well  as  cost  effectiveness  (both  in  terms  of  weight  penalties  and  intrinsic 
costs  of  manufacturing  and  assembly)  for  the  U.S.  fleet. 

With  this  background,  a  work  statement  and  interagency  agreement  was  devel- 
oped  between  the  Federal  Aviation  Administration  and  the  National  Aeronaut¬ 
ics  and  Space  Administration  (NASA).  TLe  studies  described  above  indicated 
that  an  FBL  configuration  must  be  found  which  best  fits  four  often  con¬ 
flicting  criteria: 

first,  it  must  be  a  suitable  FBL; 
second,  it  must  be  light-weight  to  minimise  fuel  costs; 

third,  it  mast  be  comfortable ,  and 
fourth,  it  must  have  reasonable  manufacturing  and 

processing  costs  via  normal  commercial  sources. 

The  work  statement  in  the  interagency  agreement  between  the  FAA  and  NASA  de¬ 
lineates  three  specific  tasks  aimed  at  accomplishing  this  goal: 

1.  Selection  and  fire  tests  of  candidate  FBL  materials 

3.  Development  of  a  weight  and  economics  algorithm  for  aircraft 
seat  cushion  configurations  to  determine  cost  effectiveness 

.3.  Mechanical  tests  of  optimum  FBL  configurations. 

This  report  is  the  culmination  of  a  group  effort  to  accomplish  these  goals. 
In  the  following  section  of  this  report,  each  of  these  three  tasks  will  be 
defined  in  detail,  with  resalts  and  discussion  of  the  work  performed  in  ac¬ 
complishing  these  tasks.  Individual  contributions  may  be  found  in  the 
Appendices  at  the  end  of  this  report. 


.  SELECTION  AND  FIRE  TESTING  OF  CANDIDATE  FIRE  BLOCKING  LAYERS 


0.1  MECHANISTIC  ASPECTS  OF  FIRE  BLOCKING  BEHAVIOR:  There  are  various  fire 
blocking  mechanisms  thought  to  occur  with  existing  materials  that  are  pos- 
sible  candidates  for  block! ng  layers.  These  are  described  briefly  below; 

Tr  ans pi  rational  cooling  occurs  via  emission  of  water  vapor  to  cool  the 
heated  /one.  Vonar,  a  family  of  low  density  and  high  char  yield  foams,  usu¬ 
ally  doped  with  A1(QH)3  powder,  contains  a  large  fraction  of  water  of 
hydration,  and  is  one  of  the  best  candidates  in  this  class.  It  is  available 
in  three  thicknesses,  Vonar-1  0.16  cm  (1/16  in),  Vonar-2  0.32  an  (2/16  in), 
and  Vonar -3  0.48  an  (3/16  in).  Materials  which  depend  on  transpirational 
cooling  by  mass  injection  into  the  environment  can  be  very  efficient  at  high 
hoar  fluxes.  Unfortunately,  these  systems  are  less  efficient  on  a  weight 
basi  s  than  those  using  other  fi-'e  protection  mechani.qns. 

high  temperature  resistant  fabrics  such  as  PBI  and  Preox'®  (registered 
tnuiemark  of  Gentex  Corporation),  with  char  yields  in  excess  of  60%,  are  ex¬ 
cellent  candidates  that  utilize  a  re-radiative  fire  protection  mechanism. 
Suitable  felt  fabrics,  which  are  also  good  insulators,  have  been  prepared 
from  these  polymers  in  fiber  form.  These  potential  fire  blocking  materials 
exhibit  high  temperature  stability  with  low  thermal  conductivity.  Fabrics, 
felts,  and  mats  with  excellent  high  temperature  iasula^ion  properties  can 
also  1>?  obtained  from  inorganic  materials  such  as  silica  and  alumina.  Also 
to  lie  considered  are  the  highly  reflective  continuous  surfaces,  such  as 
aluminum  foils,  which  function  by  distributing  the  incident  radiant  energy 
and  thus  reducing  local  heat  loads. 

Another  mechanism  which  may  be  important  in  controlling  the  effective 
mass  injection  rate  is  the  ability  of  the  material  to  initiate  vapor  phase 
cracking  of  the  canbustible  vapor  species  generated  by  the  low  temperature 
pyrolysis  of  the  polyurethane  substrate.  The  action  of  the  FBL  itself  in 
inducing  these  endothermic  processes  can  be  a  very  important  contribution  to 
overall  fire  protection  abilities.  All  of  these  materials  in  sufficient 
fhtekrajsses,  in  combination  or  individually,  can  provide  the  required  degree 
of  thermal  protection  necessary  for  fire  safe  polyurethane  cushioning. 

'•lamination  of  the  heat  conduction  and  thermal  rauiation  properties  of  the 
seat  cushion  materials  has  led  to  the  development  of  a  simple  cushion  model 
bused  on  six  identifiable  layers.  This  model  cushion  consists  of  the  fol¬ 
lowing  six  layers: 

1.  the  wool-nylon  decorative  fabric  layer 

2.  the  re-radiative  char  layer  (formed  fran  the  heat 
blocking  layer  by  thermal  degradation  of  a  suitable 
fabric  or  foam) 

3.  the  transpiration  layer  (allowing  vapor  exchange) 

4.  the  air  gap  layer 

3.  the  reflective  layer  (to  assist  in  controlling 
radiant  energy) 

6.  the  cushioning  foam  (the  pritnary  component  which 
rn|ui  ns  thermal  protection). 


In  some  cases ,  for  example  LS-200  neoprene  and  polyimide,  the  FBL  and  cush¬ 
ion  ire  a  single  substance,  with  no  need  for  any  additional  FBL  component. 
Ile-nuliation  can  be  effected  by  either  reflection  from  an  emissive  surface 
of  aluminum  or  from  a  hot  char  surface  formed.  The  use  of  aluminum  cover¬ 
ing  oti  high  tem[>;rature  stable  and/or  char  forming  interlayers  is  important 
iri  redistributing  the  local  incident  radiation,  and  the  hot  char  or  carbon¬ 
ized  layers  formed  can  dominate  the  re-radiation  process.  Thus,  aluminized 
char  forming  high  temperature  materials,  such  as  Preox  1100-4  or  Norfab 
1 IHT-26-A1  ,  provide  the  best  combination  of  mechanisms.  nevertheless ,  it 
should  be  noted  at  this  point  that  efficient  FBLs  are  by  no  means  limited  to 
these  kinds  of  materials. 

A  major  danger  in  aircraft  fires  is  what  is  termed  "flash-over",  where  flam¬ 
mable  vapors  trapped  high  up  towamls  the  ceiling  of  the  cabin  will  suddenly 
igni  to  and  propagate  the  fire  across  the  whole  upper  interior  of  the  air¬ 
craft  like  a  wave.  A  suspected  major  source  of  flammable  vapors  leading  to 
this  condition  is  the  decomposition  of  polyurethane  foam. 

[n  ablative  (sacrificial)  protection  of  a  flammable  substrate  sue!)  as  the 
flexible  polyurethane  foam,  wherein  a  limited  amount  of  controlled  pyrolysis 
by  the  FBL  is  riot  only  allowable  but  encouraged,  secondary  internal  char 
formation  by  thermal  cracking  of  the  urethane  pyrolysis  vapor  is  additional¬ 
ly  beneficial.  Firstly,  that  part  of  the  evolving  combustible  gas  which  is 
fixrxl  as  a  char  cannot  participate  in  the  external  flame  spread  and  the 
flash-over  process.  Secondly,  the  additional  char  layer  assists  in  insulat¬ 
ing  the  reminder  of  the  foam  from  further  pyrolysis.  Venting  of  the  seat 
cushion  is  necessary  to  prevent  sudden  release  of  combustible  gases,  and  can 
allow  additional  cooling  via  mass  exchange  processes. 


2.2  RATIONALE  FOR.  THE  SELECTION  OF  TEST  MATERIALS:  In  delineating  the 

rationale  for  materials  selection,  one  must  remember  that  there  is  a  wide 
range  in  radiant  heating  rates  to  which  the  seat  sections  are  exposed  in  an 
aircraft  fire.  In  exposing  the  seats  in  the  C-133  test  aircraft  to  a  large 
[xjol  fire  through  an  opening  the  size  of  a  door  in  zero  wind  conditions,  one 
encounters  an  actual  heating  rate  of  14  W/cm^  (12.3  Btu/ft^*sec.) .  This 

decays  to  1.7  W/cm^  (1.5  Btu/ft^’sec)  at  the  center  line  of  the  aircraft 

(Reference  6).  Thus,  one  of  the  apparent  problems  in  trying  to  define  the 

thermal  environment,  which  is  necessary  before  one  can  consider  the  materi¬ 
als  response ,  is  the  highly  geometrically  variable  distribution  of  heating 
rates,  ranging  from  values  as  high  as  14  to  as  little  as  1.7  W/an^.  One 
must  recognize  also  that  the  seat  presents  an  oblique  and  irregular  view  an¬ 
gle  to  the  incoming  radiation.  Under  such  fixed  wind  conditions,  the  seat 
will  undergo  pyrolysis  to  generate  a  90%  (by  weight)  yield  of  combustible 
gases  from  the  urethane  cushion  core.  At  nominal  heating  rates  of  1-2 
W/urvo  this  pyrolysis  rate  is  not  influenced  by  the  presence  of  contempor¬ 
ary  incorporated  chemical  fire  retardants.  The  possibility  of  modifying  the 
standard  state-of-the-art  jx>lyurethane  seats  via  the  incorporation  of  chemi¬ 
cal  fire  retardants  was  eliminated  from  further  consideration.  Bricker 


(Reference  4),  using  tests  in  the  7.47  at  NASA-Johnson  Space  Center,  showed 
clearly  that  at  heating  rates  above  4-5  W/on^  there  was  little  or  no  dif¬ 
ference  in  suppression  of  fire  propagation  from  seat  to  seat  for  chemically 
retarded  [X>lyurethane  compared  to  untreated  polyurethane. 

The  pritrury  objective  in  mcdifying  the  seats  to  increase  their  fire  resist¬ 
ance  is  simply  to  reduce  the  rate  of  production  of  flammable  vapors  from  the 
urethane  core  cushion,  and  prevent  the  injection  of  such  flammable  gases 
into  the  passenger  environment  -  a  critical  issue.  Under  the  conditions 
that  exist  in  postcrash  fires,  it  is  quite  clear  that  nothing  can  be  done  to 
influence  vapor  production  from  the  polyurethane.  An  alternate  option  is  to 
rep i ace  the  ixnlyuretliane  with  imterials  that  do  not  yield  flammable  vapors 
on  pyrolysis.  Under  the  enormous  heat  fluxes  that  exist,  such  materials 
will  still  pyrolyze,  however,  the  pyrolysis  process  should  produce  a  non¬ 
flammable  char,  leading  to  self -protect ion  of  the  remaining  foam.  The  poly- 
imide  foams  represent  an  example  of  this  kind,  providing  a  high  char  yield 
on  pyrolysis,  and  not  releasing  flammable  vapors  into  the  environment.  Un¬ 
fortunately,  the  cross-link  density  and  aromaticity  required  to  achieve  the 
1  level  of  char  yield  was  inconsistent  with  the  mechanical  properties,  comfort 
factors,  resiliency,  and  durability  of  the  seat,  and  these  materials  were 
eliminated  from  further  consideration. 

Thus,  since  we  cannot  replace  the  polyurethane  core  itself  with  another  foam 
that  will  not  pyrolyze  to  a  flammable  vapor,  then  we  must  use  an  insulating 
layer  to  provide  the  requisite  protection.  Ibis  FBL  will  provide  ablative 
(sacrificial)  protection  of  the  polyurethane  foam  core.  Even  with  the  FBL 
present,  it  is  still  deemed  necessary  to  prevent  localized  attack  on  the 
pdyurethane  cushion,  necessitating  some  form  of  secondary  protection  (or 
protective  layer)  that  will  allow  dissipation  of  the  heat  flux  over  as  large 
an  area  as  possible.  The  obvious  method  is  to  use  a  "wrap"  made  from  highly 
conductive  aluminum  sheet  (aluminum  minimizes  any  weight  penalty,  and  has 
one  of  the  best  thermal  conductivity  coefficients  available  for  any  ccmrron 
metal),  such  that  the  lateral  conduction  capabilities  will  reduce  local  hot 
spots,  and  further  enhance  the  action  of  the  FBL.  There  are  several  of 
these  heat  resistant,  not  easily  pyrolyzed,  low  volatility  wcven  fabric 
irnterials:  Nane.x®  arid  Kevlar®  (registered  trademarks  of  the  E.  I.  du  Fbnt 
do  Armours  Corporation),  and  Kynol®  (registered  trademark  of  American  Kynol 
Corporation).  Two  that  are  commercially  available  as  aluminized  carbon- 
fibre  bused  fabrics  are  Panox®  (registered  trademark  of  RK  Textiles  Com¬ 
posite  Fibres,  Ltd.)  and  Celiox®  (registered  trademark  of  Celanese  Cor¬ 
poration),  and  the  aluminized-Norfab  materials  containing  Kynol,  Kevlar,  and 
Nornex . 


One  surprising  factor  emerged  on  examination  of  these  aluminum  protected 
fabric  FBL  systems.  Since  they  are  thin,  it  was  not  possible  to  maintain  a 
zero  temperature  change  between  front  and  back  face  of  the  FBL,  and  thus 
necessarily  some  degradation  of  the  surface  of  the  polyurethane  foam  cushion 
will  . icrur.  However,  the  buck -surface  of  these  FBL  systems  behaves  as  an 
eili eii-nt  (.arid  hoi.)  catalytic,  surface,  pnxlucing  rapid  pyrolysis  of  the 


potentially  flammable  vapor  (and  thus  curtailment  of  their  escape  into  the 
environment).  Secondly,  this  endothermic  pyrolysis  action  produces  an  in¬ 
trinsic  fire  ablation  mechanic,  and  finally,  yet  a  third  protective  mechan¬ 
ism  ensues ,  in  that  the  pyrolysis  process  produces  a  thin  (but  effective) 
char  layer  from  the  polyurethane  itself,  strengthening  the  overall  ablative 
mechanism  from  the  FBL,  and  further  protecting  the  remainder  of  the  foam. 
This  three-fold  bonus  action,  which  is  non-operative  in  the  absence  of  the 
FBI,  itself,  provides  a  considerable  degree  of  synergism  between  FBL  and  cen¬ 
tra]  foam  cushion.  More  interestingly,  this  synergian  seems  to  be  stronger 
with  NF  foam  (a  lighter  and  more  desirable  core  cushion)  than  with  FR  foam! 
Finally,  a  fourth  advantage  is  apparent,  since  it  should  be  noted  that  the 
aluminum  layer  provides  a  degree  of  impermeability  to  the  FBL  wrapped  around 
tiie  foam  core.  This  helps  to  prevent  liquefied  urethane  vapor  frcm  dripping 
fxit  of  the  cushion  onto  the  floor,  and  forming  small  secondary  pool  fires 
underneath  the  banks  of  seats.  This  in  itself  is  a  valuable  contributing 
factor  in  preventing  the  attainment  of  a  lethal  environment  in  the  passenger 
cabin  of  an  aircraft. 

We  may  summarize  the  various  factors  contributing  to  our  rationale  for 
materials  selection,  and  limiting  the  cushion  configurations  tested: 

(1)  Chemical  modification  of  polyurethanes  to  provide  fire  retardant 
properties  was  eliminated  based  on  Bricker's  work  which  showed 
lack  of  effectiveness  in  suppressing  the  pyrolysis  rate. 

(2)  Tlie re  are  no  commercially  available  foam  cushion  systems  which 
have  all  the  qualities  needed  for  a  seat  such  as  comfort  ar.d 
durability  and  yetprovide  sufficient  fire  protection. 

(3)  The  most  efficient  method  for  ablative  protection  at  high  heat¬ 
ing  rates  (5-14  W/cm2)  is  to  use  a  transpirational  mechanism 
ablater.  The  most  efficient  transpirational  ablater  we  know  is 
neoprene  highly  loaded  with  A1(0H)3,  which  gives  about  50%  (by 
weight)  injection  rate  of  water  into  the  environment  (essen¬ 
tially,  the  ablater  is  spent  completely  before  the  foam  cushion 
I  eg ins  to  decompose  at  all). 

It  has  been  determined  previously  (Reference  2)  that  seat  arrays  heat  block - 
ed  with  a  neoprene  FBL  transpirational  ablater  at  1.0  kg/m2  (30  oz/yd2) 
was  able  to  effect  an  increase  of  approximately  1  minute  in  the  egress  time 
when  tested  under  large  scale  conditions.  The  major  problem  was  that  use  of 
such  an  FBL  produced  an  increase  of  1.8  kg  (4  lbs)  in  the  seat,  and  is  con¬ 
siderably  more  expensive  to  use. 


2.3  MATCH  I  ALB  SKI  LILTED:  In  formulating  our  restricted  set  of  cushion  con¬ 
figurations,  the  following  components  were  selected: 

2.3.1  DECORATIVE  COVER  MATERIALS:  The  upholstery  material  selected  was  a 
blue-colored  standard  wool/nylon  blended  fabric  currently  in  use  by  a  com- 
nervial  airline  company. 
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2.3.2  H)AM  C’lJSii LONK43  MA,pKKlAL.S:  'fwo  types  of  cushioning  foam  were  uso.1  in 
these  studies,  a  fire-retarded  poly urethane  (FR,  with  density  of  29.9 
kg/m'1,  1.87  lb/ ft*1)  anti  a  non-fire  retarded  polyurethane  (Ml',  density  of 
::>.2  kg/m'1,  l.lf>  lb/ ft'1).  A  second  form  of  NF  foam  was  used  for  one 
test,  involving  a  low  density  foam  (10.1  kg/m^,  1.0  lb/ft'1). 
c> jmjx vs i t i on  of  tiie  NF  polyurethane  is  given  in  Table  1.  Composition  of  the 
FR  polyurethane  is  not  known  (commercially  controlled  proprietary 
Information),  bit  it  is  assumed  to  contain  chemically  incorporated 
orguno-hulide  and/or  orga no-phosphorus  components  as  the  fire  retardant. 

Table  1 : _ Contents  of  Non-Fire  Retarded  Polyurethane  Foam 

Component  Parts  by  Weiglit 


bolyoxy propylene  glycol  (3000  M.W.)  100.0 

Toluene  di  isocyanate  (80:20  isomers)  105.0 

Water  2.9 

Silicone  surfactant  1.0 

TrLethylenedianine  0.25 

Stannous  octoate  0.35 


2.3.3,  KIRK  HI;  EKING  LAYKIiS  (FdL) :  This  is  not  a  materials  development 
study,  hit  merely  an  experimental  comparison  of  "off  the  shelf"  materials. 
Potential  candidates  are  listed  in  Table  2  and  are  all  commercially  avail¬ 
able.  As  stated  above,  the  optimum  fire  blocking  seat  should  give  equival¬ 
ent  or  better  fire  blocking  performance  than  Vonar-3  with  no  increase  in 
eon  temporary  seat  weiglit  or  price. 

(A  Lteria  were  established  to  screen  potential  fire  blocking  materials 
prior  bo  inclusion  in  this  study.  These  criteria  included: 

(a)  fire  blocking  efficiency  as  it  relates  to  weight, 

(o)  mechanical  properties  with  respect  to  comfort, 

(e)  wear  of  the  F3L,  and 
(d)  cost. 

Any  FHI,  tnat  lid  not  perform  adequately  in  each  of  the  above  categories  was 
disqualified.  Several  FRIjs  possessing  optimum  fire  blocking  efficiency 
under  laboratory  tests  were  also  tested  by  the  FAA  in  full-scale  tests 
(<  '-133)  to  determine  fire  propagation  under  the  simulated  postcrash  fire 
conditions.  Wear  properties  were  not  evaluated  in  detail  and  only  prelimi- 
iur,  and  joarr.ial  results  are  given  in  the  report.  Complete  test  results 
will  h>  provide,!  i u  a  separate  report. 
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TAHLK  2:  SKAT  CUSHION  OONF I GUHAT I ONS  SELECTED  FOR  EVALUATION 


Config¬ 
uration  Foam* 


Flre-Blocklng 
Layer  ( FBL) 


TIL.  Weight 
kg/a2  oz/yd2 


Suppliers  of 
Fire  Blocking  Layers 


1 

PR  urethane* 

none 

2 

FH  urethane* 

Vonar-3,  0.48  cm  (3/18  In) 

0.91 

27.07 

Chris  Craft  Industries 
I960  East  State  St. 
Trenton,  NJ  08619 

3 

FK  urethane* 

Vonar-2,  0.32  cm  (2/18  in) 

0.67 

19.  97 

Chris  Craft  Industries 
1980  East  State  St. 
Trenton,  NJ  08619 

4 

FR  urethane 

LS-200  neoprene  0.95  cm  (3/8  in) 

3.0 

84 

Toyad  Corporation 

16  Creole  Drive 
Pittsburg,  PA  15239 

5 

PK  urethane 

Preox  1100-4 

aluminized  Preox  fabric, 
plain  seava,  neoprene 

CTD,  P/N  1299013 

0.39 

11.53 

Centex  Corporation 

P.0.  Box  315 

Carbondale,  PA  18407 

6 

FR  urethane 

Norfab  1 IHT-26-A1 

aluminized  on  one  side, 

25t  Nomex,  701  Kevlar 

St  Kynol,  weave  structure 

111  plain 

0.40 

11.8 

Amatex  Corporation 

1032  Stonebrldge  St. 
Norristown,  PA  19404 

7 

FR  urethane 

181  E-Glass,  Satin  leave 

0.30 

9.2 

Unlglass  Industries 
Statesville,  NC 

8 

NF  urethane* 

Vonar-3,  0.48  cm  (3/16  in) 

0.92 

27.07 

Chris  Craft  Industries 
1980  East  State  St. 
Trenton,  NJ  08619 

9 

NF  urethane 

Norfab  1 1HT-26-A1 

0.40 

11.8 

Amatex  Corporation 

1032  Stonebrldge  St. 
Norristown.  PA  19404 

10 

LS-200  Neoprene 

none 

1 1 

Polylmlde 

none 

12 

NF  urethane  light 

Norfab  11HT-26-A1 

0.40 

11.8 

Amatex  Corporation 

1032  Stonebrldge  St. 
Norristown,  PA,  19404 


Notes  on  Table  2: 

All  decorative  upholstery  Is  a  wool/nylon  blend  fabric  (876423  Sun  Eclipse,  Azure  Blue,  78-3880) 
by  Collins  8  Alkman.  Albemarle,  NC. 

t  Suppliers  of  Foams: 

PR  urethane  (No.  2043  PA  foam,  density  of  29.9  kg/m3  or  1.87  lb/ft2): 

North  Carolina  Foam,  P.0.  Boi  1112,  Nt.  Airy,  NC  27030. 

NP  urethane  (medium  firm,  ILD32,  density  of  23.2  kg/a3  or  1.45  lb/ft3): 

Foam  Craft,  Inc.,  11110  Business  Circle  Dr.,  Cerritos,  CA  90701. 

NP  urethane  light  (16.1  kg/m3  or  1.0  lb/ft3) 

Poaa  Craft,  Inc..  11110  Business  Circle  Or.,  Cerritos,  CA  90701 

fkilylmlde  foam  (19.2  kg/m3  or  1.2  lb/ft3) 

International  Harvester,  701  Fargo  Ave.,  Elk  Grove  Village,  IL  60007 

L8-200  neoprene  foam:  Toyad  Corporation. 

•  These  polyurethane  foams  sere  covered  by  a  cot ton/mus 1 1 n  fire-retarded  scrim  cloth,  weighing 
0.08  kg/m2  (2.8  oz/yd2). 
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2.  1  K  L  lii-1  PKSTIMO  ( >F  C  VNDIJ  )ATK  SIIAT  CUSHION  OONF  I*.  JURAT  IONS :  'Hie  second  La.sk 
des.  r  i  b<vi  in  the  agrotunent  was  to  evaluate  candidate  seat-cush ion/FBI ,  con- 
t' hgurat  ions  using  a  series  of  fire  tests  ranging  from  anal  l  sample  tests  to 
large  scale  tests  on  full  tunics  of  seats. 

2.  1.  1  NAS \-AMKS  T-3  BPRNKK  TKST  RKSIJLTS :  A  series  of  initial  screening 

tests  for  potential  candidate  blocking  layers  was  conducted  by  Scientific 
Services,  Inc.  (Redwood  City,  CA)  for  NASA.  Hie  objective  of  these  tests 
was  t.o  compare  the  effects  of  thermal  exposure  on  the  standard  seat  cushion 
(flu-  tnseline  reference  seat  was  taken  to  be  FR  polyurethane  covered  by  a 
■wool -nylon  blende  1  decorative  fabric)  and  a  number  of  candidate  FBL  config¬ 
urations,  by  measuring  the  time  that  it  took  to  raise  the  temperature  of  the 
surface  of  the  foam  material  In  each  sample  to  the  degradation  temperature 
(typically  300°  C  or  51)8°  F).  The  test  procedures  used  are  delineated  in 
\pi*‘iidix  A-l .  'lasically,  22.9  x  22.9  cm  (9  x  9  in)  areas  of  the  various 
seal  cushion,  configurations  were  exposed  to  heat  fluxes  of  11.3  W/an“ 
(9.9b  Bt.u/ft^/see)  and  8.9  W/an^  (7.49  Btu/ft^-sec)  in  the  NASA-Ames 
T-3  brick  furnace.  Hierrmcouples  were  placed  at  various  depths  in  the  foam. 
The  FBLs  tested  ar- >  listel  in  order  of  descending  time  for  the  foam  to  reach 

300''  (’.  . . ~ 

LS-200  neoprene  -  0.95  an  (3/8  in)  thickness 

Vonar-3  -  0.48  cm  (3/16  in)  thickness 

Vonar-2  -  0.32  cm  (2/1(3  in)  thickness 

Nirfab  11HT-26-A1 

Ih-eox  1100— 1 

181  R -Glass 

no  F3L 

I'rK'orfunately ,  the  heat  flux  iri  the  T-3  burlier  test  is  too  high  to  dis¬ 
criminate  between  small  differences  in  test  results. 


2.  1.2  TIIKIWAI.  ■  11  MtAi TKKI/AT ION  OF  MATKKI ALB :  Hie  physical  characteristics 
under  thermal  stress  of  the  candidate  cushions  were  determined  using 
t.tii-nnogravimelric  analysis  (TGA) ,  differential  scanning  calorimetry  (DSC) , 
and  the  NAS  A -Ames  MBS  Bnoko  Density  Chamber.  Hie  MBS  smoke  chamber  gave  the 
moe-d.  conclusive  data.  Tn  TO  A ,  the  s;unples  are  lioated  at  a  constant  heating 
rate,  usually  under  a  nitrogen  atmosphere,  and  the  weight  loss  recorded  as  a 
function  of  temp *raf urn •.  Hh-  pilymer  decanpisi Lion  temperature  (PITH ,  the 
1 1 mp *  nature  where  the  mass  loss  rate  is  the  highest,  the  temperature  of 
cunplete  pyrolysis,  and  the  final  char  yield  in  percent,  are  determined  as 
characteristic  parameters.  In  IBC,  tlie  electrical  energy  required  to 
maintain  thermal  equilibrium  between  the  sample  and  an  inert  reference  is 
measured  as  l  function  of  temperature.  By  calculating  the  peak  area  on  the 
chart,  and  the  direction  of  energy  flow,  the  endo-  or  exo-thermicity  of 
transitions  can  lx?  determined.  Appendix  G-l  contains  more  complete  data  on 
i  'ir  tnorrnal  characteristics  of  the  materials  usixi  in  these  tests. 
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2.4.:!  MASS  INJECTION  STUD  IKS  INTO  THE  ENVIRONMENT:  The  primary  purpose  of 
these  experimental  determinations  was  to  determine  the  extent  with  which  the 
polyurethane  foam  decomposed  on  pyrolysis  and  gave  rise  to  mass  injection 
into  the  environment  of  the  highly  flammable  urethane  vapors  suspected  of 
causing  flash-over  and  other  fire  related  phenomena.  This  investigation  was 
lone  for  NASA  by  San  Jose  State  University  (Appendix  G-l)  to  determine  the 
weight  loss  factors  sustained  by  the  urethane  foam  cushioning  material,  as 
well  .as  the  other  seat  components,  both  els  a  function  of  time,  and  as  a 
function  of  the  thermal  flux  incident  on  the  front  face  of  seat  cushions. 

'Hie  MBS  smoke  chamber  was  modified  to  measure  weight  loss  as  well  as  smoke 
density,  as  a  function  of  time,  at  a  specific  heat  flux  in  the  range  from 
1.0  W/cm^  (0.88  Btu/ft“/sec)  to  7.5  W/an^  (6.61  Btu/ft^/sec) .  Two 
burning  conditions  were  simulated  by  the  chamber: 
radiant  heating  in  the  absence  of  ignition 
f l.uning  combustion  in  the  presence  of  supporting  radiation. 

Test  samples  ("mini-cushions")  are  approximately  7.62  x  7.62  cm  (3  x  3  in) 
in  si/e  and  1.27  an  (0.5  in)  to  2.54  cm  (1.0  in)  thick,  composed  of  urethane 
foam  wrapped  and  protected  by  a  heat  blocking  layer,  and  wrapped  and  secured 
by  w*)ol/nylon  upholstery.  Each  component  of  the  seat  configuration  is 
weighed  individually.  The  samples  are  suspended  from  the  balance  and 
subjected  hi  a  known  heat  flux  in  the  NBS  chamber.  Mass  readings  are  taken 
every  two  seconds  via  an  automated  balance.  After  the  test,  the  sample 
cushions  are  opened  carefully,  and  the  remaining  urethane  foam  is  weighed  to 
determine  weight  loss  of  the  foam  itself. 

It  was  assumed  initially  that  fire  protection  performance  for  each  of  the 
comiionents  would  yield  a  final  additive  effect;  this  hypothesis  was  tested 
by  use  of  single  component  samples  thermolyzed  under  identical  procedures  to 
that  used  for  the  composite  mini-cushion.  No  correlation  was  found.  As 
mentioned  before,  in  some  cases,  use  of  the  highly  flammable  NF  foam  (and 
not  FR  foam)  actually  improved  the  overall  performance  of  the  sample.  Tbese 
results  wore  based  on  mass  injection  measurements.  The  decorative  fabric 
proved  to  have  little  influence  on  the  performance  of  the  heat  blocking 
layer,  although  previous  testing  established  that  this  component  contributed 
markedly  to  the  anoke  content  of  the  environment.  .After  initial  testing,  it 
was  determined  that  the  amount  of  gas  originating  from  the  urethane  foam 
injected  into  the  air  wrxild  be  the  best  criterion  to  choose  in  following  the 
thermal  degradation  of  the  seating  material.  However,  much  of  the  urethane 
foam  was  seen  to  decompose  to  a  liquid  rather  than  direct  vapor,  seen  also 
in  the  McDonnell  Douglas  full  scale  testing  procedure  (see  Appendix  D-l), 
and  overall  mass  loss  could  not  be  partitioned  between  direct  vapor 
injection  into  the  environment,  and  this  liquid  phase  injection  frcm  the 
pr >ly urethane  foam. 


The  specific  truss  injection  rate  for  Vonar-3  protected  seat  cushions  was 
f.  xind  to  be  over  half  that  measured  for  the  baseline  system  of  wool/nylon 
decorative  cover  over  FK  foam  alone-  This  in  itself  is  a  substantial 
reduction,  albeit  with  a  weight  penalty.  However,  Preox  1100-4  and  Norfab 
1  1HT-26-AI  gave  lower  mass  injection  rates  than  Vonar,  with  the  added  bonus 
dI  in  even  lower  weight  penalty  than  Vonar. 

The  -nass  injection  rate  into  the  environment  is  predicated  on  the  mass  lost 
by  the  urethane  foam  itself,  an  assumption  that  is  empirically  reasonable. 
A  relative  Figure  of  Merit  (POM)  is  defined  in  terms  of  the  mass  injected 

into  the  environment  for  any  thermal  flux,  the  seat  cushion  size  (surface 

area  exposed)  and  time  of  exposure  to  the  fire  source. 

.  .  [Heat  Flux].  [Area  Fjc  posed  ].[  Exposure  Time] 

l-'OM  =  [q]/[m]  - - 

[Weight  Loss  by  Polyurethane  Foam] 

Samples  which  exhibited  superior  performance  have  been  arbitrarily  defined 
as  those  which  have  an  FOM  greater  than  5  X  10^  watts  •  sec/gram  at 
2 . r>  W/enr.  Thus,  the  larger  the  FOM,  the  greater  the  fire  blocking 

f*Tformance  exhibited  by  the  sample.  Of  the  configurations  exhibiting  an 

F'M  >  5  X  .  ,  it  is  important  to  note  that  8C&  utilize  Preox  1100-4  as 

the  heat  blocki ng  layer  over  Ml'  foam.  Moreover,  samples  with  ventilation 
holes  punched  through  the  heat  blocking  layer  to  allow  "breathing"  (merely 
an  increased  possibility  of  dissipative  cooling  effects)  by  the  foam  showed 
riie  'nest  heat  blocking  performance. 


t.-l  LAH IN  F IKK  S I MU LATCH  TKST  KKSULTS:  The  Douglas  Aircraft  Company 
performed  full  scale  seat  bank  tests  on  13  different  seat  cushion  configur¬ 
ations  (Appendix  D-l).  Fire  blocking  layers,  when  present,  covered  all 
s ides  of  the  cushion.  The  13  configurations  used  are  listed  in  Appendix 
D-l.  Dimensions  of  the  top  cushions  were  43.2  x  60.9  x  5.1  cm  (17  x  24  x  2 
i  n)  and  of  the  bottom  cushions  were  45.7  x  50.8  x  5.1  cm  (18  x  20  x  2  in). 
On 1  tests  ’wore  performed  in  a  Cabin  Fire  Simulator  (CFS)  which  is  a  double- 
walled  steel  cylinder  365  cm  (144  in)  in  diameter  and  1219  cm  (480  in)  long. 
4  view  (tort  allowed  photographs  (closed  circuit  television)  to  be  taken 
during  testing.  Chromel-alumel  thermocouples  were  placed  inside  the  seats 
to  mini  tor  temperatures ,  and  heat  flux  calorimeters  were  installed  to  moni¬ 
tor  the  heat  flux  from  an  array  of  46  quartz  heating  units,  which  produced 
10  iV./cnr  (8.8  Htu/ft“-sec)  at  15.2  cm  (6  in)  from  the  surface  of  the 
panels.  The  seat  cushions  were  weighed  prior  to  the  tests.  A  propane  gas 
lighter  was  ignited  just  as  the  heat  flux  was  switched  on.  This  ensured 
r< (producible  ignition  of  the  urethane  vapor,  and  produced  a  severe  fire  test 
configuration.  The  radiant  heat  panels  remained  on  for  5  minutes.  After  15 
•mi  nut.  ,  the  tests  were  runplete.  Hie  residue  was  removed  from  tin1  seat 
I  r  inn  ■  a  in  I  w  u  gin  4 . 


Oiaraoteristical I y ,  the  polyurethane  foam  thermally  decomposes  under  the 
extreme  heat  Into  a  fluid  form  and  subsequently  to  a  gas.  In  the  fluid 
form,  the  urethane  drips  from  the  seat  cushion  onto  the  floor,  forming  a 
puddle  or  pool .  This  pool  of  urethane  fluid  gives  off  gases  which  are  ignit¬ 
ed  by  burning  debris  falling  from  the  seat.  This  results  in  a  very  hot  pool 
fire  engulfing  the  seat  in  a  matter  of  minutes,  and  must  be  controlled  in 
sane  'nanner  if  realistic  egress  times  are  to  be  achieved. 

Of  the  fire  blocking  layers  tested,  the  ones  which  showed  less  than  25% 
weight  loss ,  and  therefore  gave  the  best  performance  as  a  fire  blocking 
layer  are: 

LS-200  neoprene 
polytmide  with  polyester 
Nnrfab  UHT-26-A1  (FR  foam) 

Preox  1100^1  (FR  foam) 

Vonar-3  (NF  foam) 

Detailed  results  may  be  found  in  Figure  t.  LS-200  neoprene  and  polyimide 


Figure  1:  WE ICMT  LOSS  OF  VARIOUS  CUSHION  CONFIGURATIONS 


CUSHION 


PERCENT  WEIGHT  LOSS  AFTER  10  MINUTES 


are  advanced  foams  which  are  used  as  both  the  fire  blocking  layer  and  the 
central  cushion  itself.  They  are  superior  to  the  fire  blocked  systems 
1 1 *s t.< *d  iri  fire  protection  performance.  The  major  disadvantage  of  LS-200 
neoprene  is  a  large  weight  penalty.  Equally,  polyimide  foam  provides  good 
lire  protection,  bit  the  foam  is  extremely  hard  and  uncanf  or  table,  and  es¬ 
sentially  fails  the  "comfort  index"  criterion.  This  is  discussed  further 
under-  "Mechanical  Tests". 


H 


When  tlu?  fire  hlocki  ng  layer  is  able  to  contain  the  decomposi  ng  urethane 
by-products  (as  in  those  Fill.  configurations  using  aluminized  fabrics  that 
ar>‘  imiienneable  to  liquid  products),  the  cushions  closest  to  tiie  heat  source 
burn  with  less  intensity,  generating  a  minimum  of  heat.  More  importantly, 
they  are  unable  to  ignite  adjacent  cushions.  However,  when  the  decomposing 
urethane  fluid  is  able  to  escape  from  the  fire  blocking  envelope  and  form  a 
pool  on  the  floor,  an  uncontrolled  fire  erupts  which  results  in  total  tern- 
i  ng  of  all  cushion  materials.  Hie  aluminized  fire  blocking  layers,  both 
Norfab  11HT-26-A1  and  Preox  1100-4,  provide  significant  fire  blocking  both 
via  their  aluminum  reflective  coating,  and  their  non-permeability.  Seam 
constructions  significantly  affected  results  of  these  tests.  Had  the  seams 
held,  not  all  wing  liquid  It/ -products  to  pour  out  onto  the  floor,  the 
overall  seat  degradation  process  may  have  teen  even  less  severe.  Seam 
design  is  a  factor  which  needs  further  examination. 


Tests  were  performed  with  both  Norfab  1 1HT-26-A1  and  Norfab  without  the 
aluminum  liacking,  and  indicated  that  aluminized  materials  provide  a  great 
deal  more  fire  protection,  presumably  (as  stated  before  )  involving  both 
radiant  reflective  effects  and  obviation  of  localized  heating  effects. 

The  Figure  of  Merit  comparisons  derivte  by  normal i id. ng  the  efficiency  of  the 
bhxtking  layers  tested  with  resj«ct  to  Voriar-3  over  FR  urethane  are  listed 
in  Table  3,  along  with  other  pertinent  data  to  determine  the  most  efficient 


Table  3:  MASS  IUSS  DATA  AS  A  CRITERION  OK  HEAT  BLOCKING  PERFORMANCE 

AT  2.5  W/cm2 


DESCRIPTION 
OF  HEAT 
HDCXIMl 
LAYER  (KHL) 

THICKNESS 
OF  KBL 
an 

SURFACE 
DENSITY* 
OF  HBL 
g /cm2 

SPECIFIC 

mss 

INJECTION 
.  Rat? 
m  g/an^.eec 

FIGURE 

OF 

RELATIVE 

FIGLRE 

ESTIMATED  SEAT  WEIQfT 

CODE 

watts. sec/g 

OF  FERIT*** 

t/tQ  x  ioca 

RAM( 

NF  Foam 
(gram) 

FR  Foam 
(grams) 

291 

ftone/ 

Vfool-Nylon/ 

KF  Urethane 

0.0 

0.0 

12xl0'5 

2.U104 

45 

7 

1040 

1542 

i 

Vonar  1/ 
Wool-Nylon 

NF  Urethane 

0.152 

0.055 

7. 3x10' 5 

3,9xl04 

51 

6 

1721 

2113 

15 

Vonar  3/ 

Wool -Nylon/ 

NF  Urethane 

0.463 

0.111 

5.1xlO'5 

9, 9x1 04 

104 

4 

2035 

2426 

369 

100  Al(up) 
Cellox/Wool- 
Nylon/NF  Ure. 

0.089 

0.039 

3.3xl0"5 

TAxld1 

162 

2 

1699 

2090 

372 

101  Al(up) 

Cel  1 ox -Wool - 
Nylon/NF  Ure. 

0.071 

0.053 

2,8xl0'5 

8.9x10^ 

189 

1 

1528 

1919 

375 

Norfab/ 

Wool-Nylon/ 

NF  Urethane 

0.088 

0.040 

9.5xl0'5 

SOxlO*1 

117 

3 

1539 

1930 

17 

Vonar  3/ 
Wool-Nylon/ 

FR  Urethane 

0.963 

0.111 

5.3xl0'5 

9 . 7x10^ 

100 

S 

2035 

2426 

..  y.  *s ».  a" 


,  T 


W-WOOL 


, -NYLON  FABRIC:  591 
MEAT  BL0CXINC  I  AYER 


-NF  URETHANE 
FR  URETHANE 


449 

840 


grama  per  feat 


grama  per  seat 
grana  per  seat 


*Denslties  can  be  calculated  frtm  these 
values  and  the  Indicated  KBL  thickness  data. 

"Denalty  -  Surface  Denslty/TTilckness" 

**.  ? 
q  Is  a  standard  heat  flux  of  2  5  walts/cm 

Scaled  relative  to  for  Vonar  III  heat 
blocking  layer  with  a  valu*  of  100 


tire  blfxjking  Layers.  It  is  true  that  Vonar-3  performs  better  at  the  higher 
heat  flux  leveL  of,  7.5  W/onr  (6.6  Btu/ft^-sec) ,  but  at  the  heat  level  of 
interest,  5.0  W/em^  (  4.4  Btu/f t~-sec) ,  it  was  approximately  equal  to  the 
other  heat  blocking  layers.  However,  complete  data  at  5  W/cm^  are  not 
available  at  this  time.  Both  Preox  and  Norfab  perform  well  as  fire  blocking 
layers,  with  no  great  difference  in  performance  between  the  two.  It  can 
also  i*;  seen  from  Table  3  that  Vonar  performs  equally  well  with  both  non- 
fir-1  retarded  and  fire  retarded  flexible  polyurethane  foams.  Plots  have 
l  icon  made  of  the  FOM  versus  heat  flux  for  both  types  of  foams  with  various 
fir*'  blocking  layers,  and  they  may  be  found  in  Figures  2  and  3. 


Figure  2:  THERMAL  EFFICIENCY  COMPARISON  OF  HEAT  BLOCKING  LAYERS  FOR 

FR  URETHANE  AS  A  FUNCTION  O'  HEAT  FLUX  AT  2  MINUTES  ELAPSED  TIME 


— D—  WOOL  NYLON/F.R.  URETHANE  ?367 
—  O”  WOOLNYLON/VONAR  J®  COTTON  ?17 


MEAT  FLUX,  W/cm* 

'Uu1  IH1-E  Glass  fabric  exhibited  the  lowest  fire  protection  at  5.0  W/cW2 
(1.4  Btu/f t^-sec)  when  the  exposure  time  was  averaged  over  a  5  minutes 
period,  and  intuitive  reasons  would  indicate  that  these  inert  inorganic 
materials,  which  are  unable  to  provide  ablation  protection,  probably  will 
not  prove  to  be  worth-while  FBI,  materials. 

A  eost/weight  |ienal  ty  study  of  the  different  blocking  layers  shows  that  the 
re-radiation  cooling  systems  (in  general,  aluminized  fabrics)  provide  far 
h'ttor  cost-efficiency  than  the  transpi rational  and  dissipative  cooling 
systems  such  as  Vonar-3.  These  results,  and  the  comparability  of  the  fire 
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Fi^ur.?  3:  THERMAL  EFFICIENCY  COMPARISON  OF  HEAT  BLOCKING  LAYERS  FOR 

NF  URETHANE  AS  A  FUNCTION  OF  HEAT  FLUX  AT  2  MINUTES  ELAPSED  TIME 


21  — O—  W001-NVL0N/F.R.  URETHANE  *367 


protection  performance  shown  in  this  study,  point  in  favor  of  aluminized 
fabrics  for  jiossible  use  as  cos t  efficient  heat  protection  systems  for  the 
l»>ly urethane  foams. 

For  clarity  in  presentation  of  thermal  performance  as  a  function  of  weight, 
the  plot  shown  in  Figure  4  is  most  useful.  It  can  be  seen  that  the  Vonar 
syst.eis  do  not  meet  the  desired  performance  criteria.  Vonar-3  is  too  heavy 
and  Vonar-1  is  not  sufficiently  protective.  Preox  1100-4  easily  meets  both 
of  these  criteria. 

Results  of  these  studies  are  summarized  in  terns  of  a  standard  tourist-class 
aircraft  seat  in  Table  4.  Again,  these  results  show  that  on  a  weight  basis 
both  candidate  ablative  fire  blocking  layers  are  about  three  times  more  cost 
•dTective  than  Vonar-3.  These  figures  are  conservative.  Seats  can  probably 
1m *  manufactured  and  used  without  the  cotton/muslin  seat  cover,  and  other 
weight  savings  can  probably  be  realized  in  practice. 

Finally,  it  should  be  stated  that,  although  Preox  1100-4  offers  slightly 
superior  fire  protection  [jerfonmnee  when  compared  to  Norfab  11HT-26-A1  it 
i  -i  seen  that  non-fire  retarded  polyurethane  foam  with  tluminized  No.  r'ib 
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11  t  l'-ltd-Al  as  i  blocking  layer  canes  closest  to  meeti  ng  the  target  goal  of 
this  study,  namely,  equivalent  fire  per forrnance  to  Vonar-3  and  the  smal lost 
increase  in  seat  weight. 

Figure  1 :  RKIATIVK  FKHJRKS  OF  Milt  IT  H0|{  SLLK(Thl)  HliAT  BLOCKING  MATERIALS 
tJSH)  TO  PliOI’FCT  NF  URETUAME  FOAM  VKItSUS  KST I MATED  SEAT  MIGHTS 
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Vonar-1 


I  NF  Urethane  with 
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WEIGHT  OP  STANDARD  SEAT  WOOL/NYLON  PLUS  PR  URKTOANE 
USED  AS  A  BASELINE  MINIMUM  (1542  QRAjB  ESTIMATED  MASS) 


Table  4 :  RELATIVE,’  RANKIN,  OF  CANDIDATE  KIRK  BLOCKS!)  SEAT 
(X)MF IGURAT IONS  IN  TERMS  OF  THERMAL  PERFORMANCE 


FIRE  BLOCKER 

FOAM 

SEAT  WT 

KG 

a 

WT 

t* 

NONE 

F.R.  URETHANE 

(baseline) 

1.56 

0 

0,48 

PREOX 

N.F,  URETHANE 

1.52 

-1 

5.1 

VONAR-3 

F.R,  URETHANE 

2.57 

+67 

5  9 

PREOX 

F.R,  URETHANE 

1.91 

+  24 

7.6 

NOREAB 

N.F,  URETHANE 

1.53 

0 

-J 

GO 

V0NAR 

N.F,  URETHANE 

2.18 

+41 

8.9 

NORPAB 

F,R,  URETHANE 

1  93 

+25 

11.0 

FIRE 
BL0CKERs 

URETHANE, 


_ HEAT  flux _  w,  s 

SPECIFIC  MASS  INJECTION  RATE  G 
2 


INPUT  HEAT  FLUX: 
EXPOSURE  TIME: 


2 . 5w/ CM 
2  MIN, 


SEAT  BOTTOM 


I>1A'K1QPMKNT  OF  WEIGHT  AND  ECONOMICS  ALGORITHMS  FOR  SELECTED  SEAT  CUSHIONS 

Aimin'  the  specific  tasks  outlined  In  the  NASA/FAA  agreement  was  to  provide 
ter  irate  weight.  differentials,  manufacturing  and  operating  cast  information, 
port  lining  to  each  of  the  seat  configurations  for  the  projected  U.S.  fleet 
iiv. t  a  10-year  period.  Hus  information  was  to  be  provided  by  a  computer 
ppe.run  developed  in  a  sui  table  manner  for  use  by  the  FAA. 

II  OKVKIDfMHNT  OF  A  WEIGHT  ALGORITHM:  Hie  problem  has  been  addressei  for 
NASA  by  I'XjON ,  frfe.  and- Informatics,  Inc.  (Appendices  E-l  and  F— 1 ) .  Hiey 
nave  developed  a  methodology  to  calculate  estimated  costs  of  the  manufacture 
and  use  of  advanced  aircraft  seat  cushion  configurations.  Hie  primary  focus 
was  to  evaluate  the  cost  impact  associated  with  manufacturing  and  flying 
various  seat  configurations  on  the  U.S.  Fleet.  Hie  data  has  been  organized 
into  the  following  groups  or  files  which  allows  for  great  versatility  by  the 
program  user: 

f  cushion  dimensions  data:  allows  varying  dimensions  in  the 

seat  height,  width,  and  depth 

n  cushion  materials  data:  lists  all  materials  used  in  the  various 

conf Lgurations  and  a  brief  description  of 
each  material,  including  estimated  costs 

?>  cushion  configurations :  defines  seats  comprised  of  six  possible 

layers  (upholstery,  scrim  cover,  heat  blocking 
layer,  airgap  layer,  reflective  layer,  and 
foam),  taking  into  account  the  cost  and  weight 
of  each  component 

§  reference  cushion  configuration:  allows  generation  of  comparative  costs, 

as  compared  to  absolute  costs,  by  allowing  for 
changes  in  data  on  the  reference  cushion 

1  aircraft  fleet  projection  data:  allows  changes  In  the  projected  U.S. 

fleet  size  as  given  by  the  FAA 

§  'new'  aircraft  delivery  schedule  data:  allows  for  changes  in  the 

estirmted  on-line  aircrafts  coming  into  use 
in  the  U.S.  fleet 

fuel  gist  projections  data:  allows  change  in  the  projected  fuel  casts. 

A  d' nailed  logical  flow  of  the  program,  taking  into  account  all  of  the  above 
parameters,  is  given  in  Appendix  F-l.  An  outline  of  the  algorithm  for  the 
current  cost  mole l  of  these  seat  modifications  is  shown  in  Figure  5. 


■iguro  ;>:  MODKL  O )Nr  KillRAT ION  OF  Tllh  aWPlTKR  AUiORITIlM 
FOR  DKTKItMlMING  Q1ST,  VKIOHT  HFFl-rf  L VKNIiSS  OF 
SKAT  OlfSHfON  m/TKlNO  L\YKHS 


SPECIF*  SEAT  CUSHION 

conf igurat i on  - 
MATERIALS  AND  THEIR 
COST  AND  OENSITT 


CALCULATE  CUSHION  WTS 
COST  OF  MATERIALS  AND 
'  I  IANUFAC  TURING  COSTS 
PER  SEAT 


A/C  FLEET  PROJECT  1C- 
USED  TO  DETERMINE 
ANNUAL  DEMAND  FOR 
SEATS  ANO  ANNUAL  NO. 
OF  SEATS  IN  FLEET 


CALCULATE  DELTA  RAW 
MATERIALS  AND  MFG. 
COSTS  FOR  ENTIRE  FLEET 
(NEW  CONFIGURATION  VS. 
BASEL  I  Ml  ) 


calculate  ivfact  of 

HEIGHT  ON  fijEL  COSTS 
rn^  st:s •  'Li*  ' 


ASM  AL 

total 


3r 


Tne  results  of  applying  this  program  to  Vonar-3,  Norfab  11HT-26-A1,  and 
Preos  1100-4  PBLs  are  shown  in  Figure  6.  Average  cost  to  manufacture  and 


Figure  >>: 


Ala  '.OKITHM  COST  EVALUATION  OF  CURRENTLY  AVA  [  I  ABLE  FOAMS  AND  FIRK 
BLOCKING  LAYERS  AT  1IJUI VAIilNT  FIRE  PERFORMANCE  AND  COMPORT 

FBL  (OZ  PER  SQ,  YD) 

40  r  “ 

VONAR-3  COTTON  (27. 0) 


NORFAB  OR  PREOX  (ll.O) 
PREOX  (7.0) 


i .  ;•  i .  i  i.4  i .  •  i .  s 


AVKKAGK  SKAT  FOA  H  UKNMTIES  IN  KOI  INI  l".  KKK  CUBIC  FOOT 
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fly  |»*r  y.  •  if  t  >r  >  :  1  \ •  y*-.ir  ;  *  r  i  =  ni  with  Fills,  each  at  th  a  wear  life  of  five 
year-,,  m-  pb  >t  t  •  *1  is  t  {  ir  i  •  ■  r  i . ,  >,*  av.»rag«?  seat  foam  density.  Hie  average 

scat  loan  f-ii  e.  i  i- •  >t  hi'"  r-'tar  l»*d  arid  n* >r*— f  i re  retarded  flexible 
}»>!.>  <»'•  *t :  tan**  t  i.a_"  vie-  l » *•  »i  t  indicated  as  'll  ,'±  kg/nr*  and  ‘12.4  kg/m'*  (1.7 
aid  1.1  pound.  :*  a-  '1.1  >i  ■  ■  tail  r>-sj». 'lively.  Tie  as*?  of  non-fire  retarded 
I  *  >  1 ir.-t  ban*.  ••  vl-.  i  ->  >nsi*i.*roi  t  ,  i*>  t  viable  option  for  this  application. 

It  i-.  not  r‘er»aii;  at  »u;s  point  Ahat  the  lower  density  limit  is  for  the  use 
ot  non -fire  ret  tried  p  >i  yan-tn  .tie  foan  while  still  mat  ntairn  rig  t!ie  tiecessary 
diirdulit  .  and  e>nt  <rt  par arrl ers. 


It  i  ,  st to in  Fit  ire  d  that  I'reox  1 100-4  and  Mortal)  1 IHT-26-A1  as  candidate 
K  dl Aitn  nori-t  i  re  retarded  p<  dyuretiiane  foam  <x)ul  i  cost  as  little  as  3b  mil¬ 
lion  1  >1  lir-s,  Abereas  the  Vonar-d  modification  could  .amount  to  about  five 
t  ime  ■  t, ,  'inch,  or-  $:>X  million  dollars. 


d.;;  c<  MVAUATlVb  HU MIMICS  0  USE  1'DH  8 ELECT  Kb  SKAT  t  HSU  ION  UONF IGLIKAT IONS : 
[n  forma  f  i  is ,  Inc.,  (Appendix  E-t)  implemented  the  set  of  programs  based  on 
rue  weight  md in >' iology  developed  by  BOON,  Inc.,  with  an  interactive  computer 
pt'ocfis  to  c* input*?  costs  to  build  and  fly  various  aircraft  seat  configurat¬ 
ions.  IV'se  programs  allow  the  user  to  tell  trie  conpater  to  store  informat- 
i  m  d  >  nit  costs  and  characteristics  of  seat  materials,  material  suppliers, 
n**n*  .  •.  rt|»  ist  f  ton ,  aircraft  characteristics,  fuel  prices,  and  seat  designs. 
’P.e  rv  -r  input--,  test  results.  e<*sts  to  make  the  seats,  seat  cumjxasi  tion ,  arid 
soil  |  i  t..  m  tlio  crinputer  for  each  design,  then  directs  the  computation  of 
seit  .<* ■  i  '  <  1 1 1. i  costs.  Costs  are  projected  for  tori  years,  based  on  annual 

iiruiid  'use  Emographies  for  seat-..  'Pie  frequency  and  metliod  of  seat 
rep!  i  c, -net  it  ,  rout  e  'usage  i  a  tormit  ion  ,  as  well  as  the  composition  of  the 
!  1  ee t  e-tcti  year,  determine  the  overall  seat  demand. 

The  crop!  etc  pronoun,  along  wi  *  n  t  he  user's  manual,  may  be  found  in  Appendix 
1,-1.  \  typical  '  d'lnima ry  I f* * | * »r t  given  by  this  program  is  found  iri  Table 

. )  I  »  ■  1  oA . 


Tabl*1  5: 


PKAiwrrH)  costs  niHnuui  v.m  for  mt'  purchase  and  flying  of  scjml 

SKI ,K( ’!'FI)  SHAT  OONFIG URAT IONS  USING  ONE  PARTICULAR  METHOD  Ob’  SEAT 
HEP!  ACHMENT 


U0NAR3  NORFAB  NORFAB  LIGHT 


CODER  801 

CODER  882 

CODER  889 

CODER  812 

METHOD 

SEATLIFE 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

COST  TO  FLY (1986) 

51566. 

84139. 

57196. 

50889. 

COST  TO  BUY (1986) 
MATERIAL 
MANUFACTURING 

6986. 

11799. 

7634. 

11799. 

13312. 

11799. 

13312. 

11799. 

TOTAL  COSTS (1986) 

78351. 

183571. 

02387 . 

75288. 

DELTA  COST-FLY (1986) 

8. 

32572. 

5638. 

-1477. 

DELTA  COST-BUY (1986) 

8. 

648. 

6326. 

6326. 

DELTA  COSTS (1986) 

0. 

33228. 

11956. 

4849. 

*  Casts  in  Table  5  are  given  in  thousands  of  dollars. 

ODE#  001  -  unprotected  FR  urethane  (used  as  our  baseline  reference  cost) 

(JDDE#  002  -  Vonar-3  protected  FR  urethane 

UDUli#  009  -  Norfab  protected  NF  urethane 

(JADE#  012  -  Norfab  protected  low-density  NF  urethane  foam 


In  Api*?ndix  E-l  are  cost  summaries  using  the  three  replacement  met  tods  for 
the  12  configurations  indicated  in  Table  2  on  page  9.  Three  methods  of  seat 
replacement  are  used  in  calculating  the  replacement  costs  involved:  a 
"gradual”  (GRAD)  replacement  of  the  seats,  depicting  the  present  attrition 
rate  of  used  seats,  a  "no  replacement  mettod"  (N0RP)  which  is  replacement  of 
seats  in  new  aircraft  only,  as  they  are  introduced  in  the  fleet,  and  an  "im¬ 
mediate"  (IMMD)  replacement  of  all  seats  in  the  present  fleet.  Table  5 
gives  costs  for  a  gradual  (GRAD)  method  of  replacement  of  aircraft  seats 
over  a  3  year  period. 

Table  5  presents  comparison  costs  (relative  to  baseline  figures  based  on  a 
wool /nv Lon  covered  FR  foam  seat)  of  sane  selected  seat  configurations,  for 
one  particular  replacement  method.  It  is  pertinent  to  note  the  change  in 
(delta)  costs  for  each  configuration  (purchase/manufacturing  costs,  and 
flying  costs  .associated  with  heavier  or  lighter  (negative)  seat  configura¬ 
tions).  Note  that  configuration  12  in  the  column  CODE//  012  is 
i..:  ./i'c’NK  fain  plus  an  FIJI,  of  light-weight  Norfab  is  actually  lighter 
than  iriprotocted  FR  foam,  and  produces  a  lesser  operating  cost  ($1.5  million 
lass)  than  our  Inseline. 
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d.  MECHANICAL  WEAR  TEST  INC  5  AND  ASSOCIATED  COMFORT  FACTORS 

Optimum  tire  blocking  layers  evaluated  in  the  Cabin  Fire  Simulator  at 
Douglas  Aircraft  Company  were  to  be  further  tested  by  a  major  seat 
manufacturer  for  selected  mechanical  properties.  The  tests  include  wear 
durability,  indentation  load  deflection,  tear  resistance,  and  any  others 
selected  by  the  seat  manufacturer. 


1. 1  I Li)  TEST  RESULTS  :  Preliminary  load  deflection  test  results  are  found 
in  Table  6.  For  a  baseline  comparison,  Configuration  Number  1  may  be  used. 
Note  carefully  the  25%  load  deflection  weight  for  polyimide  foam.  A  figure 
of  77.0  pounds  to  cause  a  deflection  of  only  25%  points  to  an  extremely 
inflexible  and,  then? fore,  uncomfortable  seat. 


Table  G:  SEAT  CUSHION  ASSHMBLIES 

load  Deflection  Test  Results  Iter  ASTM-D-1564-71  -Method  A 


Conf i g - 
uratlon 
Number 

Description 

Load  75% 
Prestress 

Thl ckness 
with  1  lb. 
Preload 

Load  25* 
Deflection 
(1  minute) 

ILD  25 

Load  at 
65* 

ILD  65 

ILD  65 
ILD  25 

N.F.  Urethane,  2  In. 

2.038 

19.0 

41.0 

F . R.  Urethane,  2  In. 

1.965 

32.2 

63.0 

• 

f/N; 

F.R.  Urethane,  3  In. 

165 

3.174 

44 

0.88 

91 

1.82 

2.07 

2 

W/N;  Vonar-3,  3/16"; 

F.R.  Urethane,  3  In. 

196 

3.553 

46 

0.92 

100 

2.00 

2.17 

5 

I/N ;  Preox  1100-4; 

F.R.  Urethane,  3  In. 

182 

3.210 

55 

1.1 

97 

1.94 

1.76 

8 

W/N;  Vonar-3,  3/16"; 

N.P.  Urethane,  2.7  in. 

135 

3.248 

31 

0.62 

69 

1.38 

2.23 

1 1 

Polyimide  Foam,  2  In. 

f/N;  Preox  1100-4; 

1.874 

77.0 

329.0 

N.F.  Urethane,  3  In. 

100 

3.096 

29.5 

0.59 

57 

1.14 

1.93 

W/N:  Wool/Nylon  Fabric 

II, D  Indentation  Load  Deflection 


'Ibis  factor  alone  disqualifies  the  polyimide  foam  seat,  which  otherwise  is  a 
fine  candidate,  showing  promising  fire  protection  properties  as  shown  in 
Figure  1,  as  well  as  being  a  remarkably  lightweight  seating  material. 
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All  other  (lata  from  the  fir**  blocking  layers  tested  here  show  acceptable 
indentation  load  deflection.  An  acceptable  range  is  considered  a  load  125" 
deflection  (1  minute)  of  29  to  55. 


4.J2  WEAR  TESTS :  Preliminary  wear  tests  were  conducted  by  Boeing  Ccmmercial 
Ai rplane  Company  using  the  apparatus  shown  in  Figure  7.  Results  from  these 
tests  are  shown  in  Table  7.  As  can  be  seen,  the  Norfab  11HT-26-A1  imterial 
si  towed  a  minimum  of  50  hours  of  wear  stress  under  these  testing  conditions. 
Additional  tests  will  be  conducted  in  the  near  future  to  compare  the  11 
different  seat  configurations  used  in  this  study.  Results  of  the  wear 
testing  will  be  given  in  a  later  report. 


Figure  7:  WEAK  TESTING  APPARATUS  USED  BY  THE  BOEING  CCMMERCIAL 
AIRPLANE  COMPANY  TO  TEST  WEAR  DURABILITY  OF  SEATING 
MATERIALS 


Actuating  mechanism 


Seat  weight- 
140  ibs 
63.5  Kg 

Pants  fabric- 
100%  polyester/ 

2  bar  tricot  knit 


=  Vertical  motion 

<> 


>')  Rocking  motion- 13.5  cpm 
■  M  25® arc 


2  minute  cycle 
1  minute  40  seconds  contact  on  cushion 
20  seconds  in  up  position 


Cushion  rotation- 18  cpm 
35® arc 


24 


i 

i 
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T;ihl*>  7:  WEAR  DURABILITY  OK  VARIOUS  SEAT  CONFIGURATIONS 


MATERIAL  DESCRIPTION 

oz/sq 

WEIGHT 

yd 

kg/m2 

SEAT  WEAR  TEST  RESULTS 

Norfab  (aluminum  up) 

ii 

0.37 

50 

hours  minimum  wear 

Preo»  (aluminum  up) 

18 

0.61 

25 

hours,  Incipient  failure 

Preox  (aluminum  up) 

23 

0.78 

No 

test  performed 

plus  5  oz  PBI 

Pi  rote*  (bonded  to 

6 

0.20 

50 

hours,  very  poor 

decorative  upholstery) 

Flrotex  (bonded  to  decorative 

11 

0.37 

No 

test  performed 

upholstery)  plus  5  oz  PBI 

Dunlop  Ferex  191-9  mm 

28 

0.  95 

50 

hours  minimum  wear 

LS200  -  3/8  In 

38 

1.29 

50 

hours  minimum  wear 

Vonar-3  (cotton) 

24 

0.81 

50 

hours  minimum  sear 

9  oz  PBI 

9 

0.31 

No 

test  performed 

i 


25 


5.  SUMMARY 


Major  accomplishments  from  this  program  are  listed  below. 

§  A  complete  model  and  computer  based  algorithm  have  been  developed  to  de¬ 
termine  the  oost/weight  effectiveness  of  the  foams  and  fire  blocking 
layers  tested.  Detailed  reports  are  given  in  Appendices  E-l  and  F-l. 

§  The  NASA  T-3  burner  test  results  described  in  Appendix  A-l  were 
inconclusive  in  determining  the  fire  protection  afforded  by  various  fire 
blocking  layers  and  foams,  and  does  not  appear  to  offer  a  viable  small- 
scale  testing  procedure  for  these  purposes. 

§  Full  scale  laboratory  testing  has  been  performed  at  Douglas  Aircraft,  and 
is  shown  to  be  a  viable  test  methodology  for  comparison  of  the  fire 
performance  of  conplete  seat  banks.  This  testing  is  described  in  Ap¬ 
pendix  D-l. 

§  A  convenient  and  accurate  laboratory  based  test  method  of  measuring  the 
fire  performance  of  seat  configurations  has  been  developed.  This  test 
has  been  graphically  described  in  Appendices  C-l  and  G-l. 


Frcm  these  studies,  the  two  most  effective  methods  of  seat  cushion  fire 
protection  have  been  examined  and  are  described  below. 

(1)  Those  which  use  transpirational  cooling,  typically  composed  of 
Al(0H)3,  perform  best  in  high  heat  fluxes.  The  doped  neoprene  foams 
work  by  dehydrating  in  the  case  of  a  fire,  cooling  by  dissipative  emis¬ 
sion  of  water  vapor.  Their  major  drawback  is  the  weight  needed  in  such 
ablative  materials.  Due  to  this  weight  penalty,  they  would  be  quite 
costly  for  use  by  the  U.S.  fleet. 

(2)  Aluminized  thermally  stable  fabrics  work  by  re-radiation  and/or  lateral 
conduction  of  the  heat  produced  by  the  fire  and  provide  excellent  high 
temperature  insulation.  These  are  the  most  desirable  types  of  blockir^ 
layers  to  use  for  these  purposes  because  they  show  satisfactory  fire 
performance  and  carry  very  little  weight  penalty. 


CONCLUSIONS 


(>  . 


Re-examining  the  experimental  facts  given  in  Section  2.4,  we  may 
draw  some  meaningful  conclusions  concerning  the  best  choices  for 
fire  protection  of  aircraft  seats  following  a  postcrash  fire. 

In  order  to  increase  survivability  of  passengers,  best  described 
quantitatively  in  terms  of  the  available  egress  time  needed  to  va¬ 
cate  the  passenger  cabin  in  the  event  of  a  fire,  the  seat  surfaces 
must  be  protected  from  the  intense  radiant  heat  fluxes.  It  has 
already  been  shown  that  no  present  technology  is  available  to  protect 
the  polyurethane  foam  by  internal  chemical  molecular  modifications, 
thus,  external  physical  protection  is  the  only  viable  method.  The 
following  points  need  delineation: 

*  No  outstanding  improvements  are  seen  in  fire  blocking  layer 
protection  capabilities  when  fire  retarded  urethane  foams  are 
used.  In  fact,  I'R  foam  actually  is  inferior  in  performance  to 
NF  foam  when  used  in  conjunction  with  some  FBL  materials  under 
certain  test  conditions. 

*  N F  foam  has  distinct  beneficial  weight  saving  attributes. 

*  All  requirements  are  presently  met  with  Norfab  11HT-26-A1  at 
0.38  kg/m2  (11  oz/yd2).  This  material  provides  equivalent,  if 
not  better,  thermal  protection  performance  based  on  small  scale 
tests  to  Vonar-3,  and  improves  the  weight  penalty  aspects  by 
more  than  4-fold.  In  small  scale  testing  of  aluminized  fabrics, 
no  differences  were  noted  in  seat  cushion  fire  protection  with 
the  aluminized  coating  turned  inward  towards  the  foam  or  outward 
towards  the  wool/nylon  fabric.  However,  significant  differences 
were  noted  when  aluminized  FBL  materials  were  used  with  NF  versus 
FR  urethane  foam.  This  is  shown  in  Appendix  G-l. 

*  Vent  holes  may  be  required  on  the  under  side  of  the  seat  cushions 
to  permit  venting  of  the  pyrolysis  gases  produced  from  the 
urethane  foam,  thus  reducing  the  risk  of  a  sudden  and  immediate 
release  of  these  gases  and  larger  flame  propagation. 
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NASA  BURN  TESTS  OF  SEAT  CUSHIONS 


INTRODUCTION 

This  report  presents  the  results  of  a  series  of  tests  on  candidate  aircraft  seat 
blocking  layers  conducted  by  Scientific  Service,  Inc.,  for  the  NASA- Ames  Research 
Center,  under  Contract  No.  NAS2-11064.  A  total  of  109  tests  on  19  candidate 
NASA-supplied  samples  were  performed. 

The  objective  of  these  tests  was  to  compare  the  effects  of  thermal  exposure  on 
the  standard  seat  cushion  (which  uses  a  wool-nylon  blend  fabric  covering  and  an  FR 
urethane  filler)  and  on  a  number  of  candidate  seat  cushion  configurations  by 
measuring  the  time  that  it  took  to  raise  the  temperature  of  the  surface  of  the  foam 
material  in  each  sample  to  the  value  that  could  cause  degradation  of  the  foam 
(typically  less  than  300°  Celsius). 


TEST  ARRANGEMENT  AND  INSTRUMENTATION 

This  test  series  was  conducted  using  the  NASA-Ames  T-3  furnace  (see  Fig.  1). 
The  furnace,  which  has  been  in  use  for  many  years  at  NASA,  is  a  firebrick-lined  box 
that  uses  a  forced  air  JP-4  fueled  burner.  See  sketch  in  Fig.  2.  This  furnace  is 
coupled  to  an  air  scrubber  and  filter  system  to  prevent  the  combustion  products  from 
being  released  into  the  atmosphere.  A  schematic  of  the  filter  system  is  shown  in 
Fig.  3. 


Since  the  T-3  furnace  had  not  been  used  for  several  months,  a  calibration  was 
performed  to  determine  the  length  of  burn  time  required  to  achieve  a  steady-state 
condition.  Approximately  li  hours  were  required  to  obtain  this  steady-state 
condition,  which  was  defined  as  a  constant  flux  reading  (using  a  slug  calorimeter) 
maintained  over  a  period  of  15  minutes. 
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During  the  test  program  the  furnace  was  allowed  to  reach  this  steady-state 
condition  at  the  desired  flux  prior  to  insertion  of  t he  samples.  Two  exposures  were 
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used  —  11.3  IV/ cm  (10  Btu/ftTs)  and  8.4?  lV,'crn~  (7-5  Btu/ft  s)  —  that  are  typical 

of  what  might  be  expected  in  an  aircraft  cabin  fire.  The  materials  were  placed  in  a 

steel  frame  that  prevented  edge  effects  from  influencing  the  tests  and  also 

furnished  support  for  the  test  objects  so  that  they  could  be  inserted  and  removed 

from  the  furnace  safely  and  easily.  (Fig.  4  presents  photographs  of  the  frame  with 

a  sample  ready  to  test  and  one  posttest.)  The  candidate  materials  were  put  into  the 

support  frame  with  the  wool-nvlon  blend  material*  first,  and  then  the  other 

materials  were  layered  according  to  the  specific  test  case.  The  area  of  the  samples 

exposed  to  the  fire  was  22.8  cm  x  22.8  cm  (9  inches  x  9  inches),  and  they  were 

burned  from  the  bottom  because  of  the  nature  of  the  T-3  furnace. 

The  instrumentation  included  the  slug  calorimeter,  noted  above,  and  from  one 
to  three  thermocouples  on  the  samples.  On  samples  using  Fiberfrax,  one 

thermocouple  was  placed  on  the  surface  of  the  Fiberfrax.  On  samples  containing 
foam,  three  thermocouples  were  used,  one  at  the  surface  of  the  foam,  and  one  each 
at  depths  of  4.7  mm  (3/16  inches)  and  7.9  mm  (5/16  inches)  from  the  surface  toward 
the  exposure.  Fig.  5  shows  the  thermocouple  locations  for  the  various  sample 

configurations. 

The  procedures  for  a  typical  test  were  as  follows:  Once  the  furnace  reached  a 
steady-state  condition  with  a  flux  reading  within  +  5  per  cent  of  the  required  value, 
the  frame  containing  the  test  sample  was  moved  next  to  the  lid  of  the  furnace. 
This  lid  was  moved  quicKly  to  the  side  and  replaced  with  the  sample.  The  sample 
was  left  in  the  furnace  until  the  thermocouple  at  the  foam  (or  Fiberfrax)  interface 
reached  3()0°C.  The  sample  was  then  placed  on  top  of  the  furnace  lid  because,  in 
most  cases,  there  was  still  smoke  and  flame  coming  from  the  sample  and  the  hood 
above  the  furnace  captured  the  smoke  and  put  it  through  the  filter  system.  After 
the  sample  extinguished  itself  and  cooled,  it  was  removed  and  photographed. 


*  In  this  case  the  material  used  by  Pan  American  Airlines,  which  is  similar  to  the 
the  seat  covering  of  all  commercial  aircraft. 
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TEST  RESULTS 

A  summary  of  the  test  results  is  presented  in  Table  1.  The  various  blocking 
materials  investigated  are  listed  in  this  table  in  order  of  descending  time  to  reach 
300°C  at  the  filler  interface.  Time-temperature  plots  for  each  test  are  presented 
in  Appendix  A. 

It  had  originally  been  planned  to  make  weight  measurements  of  the  samples 
and  to  measure  char  thickness.  Since  many  of  the  samples  continued  to  burn  after 
removal  from  the  furnace  it  was  decided  that  such  measurements  would  be  of  little 
value. 

Photographs  were  taken  of  each  test  and  these  have  been  delivered  to  NASA 
separately. 
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The  use  of  ablative  materials  in  various  forms,  such  as  cellular  structures, 
coatings  and  films  to  provide  thermal  protection  for  heat  sensitive  substrates 
against  the  action  of  large  jet  fuel  fires  is  well  established  (1).  Low  density 
foam  polymers  with  low  thermal  conductivity,  high  temperature  stability  and  high 
thermochemical  char  yields  or  high  transpirational  cooling  rates,  such  as  those 
foams  fabricated  from  isocyanurates ,  phenolics,  imides  and  hydrated  chloroprenes , 
all  have  been  found  to  be  effective  in  extending  the  times  required  for  fuel  tank 
cook  off  and  fire  penetration  to  the  structures  of  transport  aircraft  immersed  in 
large  fuel  fires.  Char  forming  ablative  coatings,  are  widely  used  in  extending 
the  time  before  detonation  of  military  ordinance  exposed  to  similar  fire  threats. 
The  use  of  functional  fabrics  as  ablatives  is  new. 


Among  existing,  commercial  polymers,  one  would  be  hard  pressed  to  find  a 
more  thermally  sensitive  substrate  than  conventional  flexible  polyurethane  foams, 
and  probably  from  a  mechanical  point  of  view  no  better  cushioning  material  with 
a  cost  of  something  like  $0.15  per  board  foot.  These  polymers  because  of  their 
easily  pyrolyzed  urethane  groups  and  thermally  oxidizable  aliphatic  linkages  exhibit 
polymer  decomposition  temperatures  of  the  order  of  250°C,  and  encounter  a  maximum 
pyrolysis  rate  at  300°C  with  a  total  yield  of  pyrolysis  vapor  of  about  95%,  most 
of  which  is  combustible.  One  should  expect  these  materials  to  ignite  easily  with 
low  power  energy  sources  of  2.5  watts/cm^  or  less  and  when  ignited  effect  sustained 
flame  propagation  even  after  removal  of  heat  source.  To  be  sure  all  non-fire 
retarded  flexible  urethane  foams  that  we  have  examined  to  date  confirm  these 
expectations.  From  thermogravimetric  studies  (2),  it  is  evident  that  the  addition 
of  standard  fire  retardant  additives  have  little  or  no  effect  on  the  maximum  decom¬ 
position  rate,  the  temperature  at  which  it  occurs  or  the  vapor  production  yield. 

In  fact,  one  observes  the  same  average  mass  injection  rates  of  combustible  gases 
under  a  sustained  radiant  heating  rate  from  flexible  polyurethane  foams  whether 
fire  retarded  or  not.  This  gas  production  rate  can  amounlj  to  as  much  as  10-20x10 
grams  per  cnT  per  second  at  heating  rates  of  2.5  watts/cm  even  when  covered 
with  contemporary  upholstery.  Kourtides  has  shown  that  this  flammable  gas  pro¬ 
duction  rate2increases  almost  linearly  with  the  applied  heating  rate  up  to  about 
six  watts/cm  ,  heating  rates  which  are  fairly  typical  of  the  usual  trash  or  jet 
fuel  fire.  A  value  of  4xl0-4g/cm2/sec  for  hydrocarbon  injection  at  surfaces  has 
been  found  to  effect  sustained  propagation  and  flame  spread. 


A  sustained  heating  rate  of  approximately  5  watts/cm  applied  to  one  seat  of 
a  three  seat  transport  array  comprising  flexible  polyurethane  foam,  fire  retarded  or 
not,  will  produce  flame  spread  and  ignition  to  the  adjacent  seat  in  less  than  one 
minute,  resulting  in  sufficient  fire  growth  to  permit  flames  to  impinge  on  the 
aircraft  ceiling  in  less  than  two  minutes.  The  time  required  to  produce  these 
events  and  the  resulting  Increases  in  cabin  air  temperatures  should  be  expected 
to  fix  the  allowable  egress  times  for  passengers  attempting  to  escape  the  aircraft 
in  a  post  crash  fuel  fire. 


This  paper  then  examines  the  question  of  the  possibility  of  increasing  the 
available  egress  time  for  passengers,  from  a  transport  aircraft,  in  which  the 
flexible  polyurethane  seating  is  exposed  to  the  action  of  a  large  pool  fire  which 
we  must  assume  can  provide  at  least  5  watts/cm^  radiant  heat  flux  to  the  seats, 
by  providing  sufficient  ablative  protection  for  polyurethane  cushioning.  These 
fire  blocking  layers  must  suppress  the  combustible  mass  injection  rates  of  the  ^ 
polyurethane  below  the  somewhat  critical  values  of  AxlO-^  gm/cm^/sec  at  5  watts/cm 
as  a  performance  criteria  to  prevent  flame  spread  and  subsequent  flashover. 
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All  commercial  transport  aircraft  are,  at  this  moment,  fitted  with  fire 
retarded  flexible  polyurethane  seat  cushions,  bottoms,  backs  and  head  rests  with 
an  average  foam  density  of  1.7  Ibs/cu  ft.  With  average  seat  construction,  there 
are  about  five  pounds  or  foam  per  seat.  For  2000  aircraft  with  an  average  of 
20 0  seats  per  aircraft^  this  amounts  to  about  two  million  pounds  of  flexible 
polyurethane  foam  in  tise. 

The  options  that  one  might  consider  as  seating  alternatives  to  effect 
improvement  in  the  fireworthlness  of  aircraft  interiors  through  modifications  of 
existing  cushioning  materials  are  outlined  in  Figure  1.  The  same  classes  of  high 
char  yield  polymers  that  are  known  to  be  outstanding  ablative  materials  such  as 
phenolics,  imides,  polybenzimidazoles,  etc.,  can  be  made  fire  resistant  enough  to 
prevent  propagation  and  flashover  as  replacements  for  polyurethane  in  seats.  As 
indicated,  when  they  are  designed  to  be  fire  resistant  enough,  they  all  suffer  in 
varying  degrees  from  serious  limitations  because  of  cost,  processability,  comfort 
and  durability  (brittleness).  For  example,  polyimides  in  general  are  about  50 
to  100  times  more  expensive  than  basic  flexible  polyurethanes  which  might  result 
in  a  replacement  cost  of  50  to  100  million  dollars  for  the  existing  U.  S.  fleet. 

There  may  be  some  fire  retardant  additives  for  flexible  polyurethane  foams 
that  could  improve  their  thermal  stability  and  suppress  the  combustible  gas 
production  rates  at  sustained  high  heating  rates.  We  do  not  know  of  any. 

The  only  real  option  that  exists  at  present  with  commercially  available 
components  seems  to  be  the  fire  blocking  approach  that  is  to  provide  cost  and 
weight  optimized  ablative  foams,  coatings  or  fahrics.  It  is  believed  that  the 
limitations  in  comfort,  decore,  durability,  &  increases. ip  ship  set  weight  penalty 
may  be  overcome  by  the  approach  taken  in  this  study. 

The  objectives  for  this  study  are  re-stated  specifically  in  Figure  2. 

The  key  property  requirements  for  an  acceptable  blocking  layer  for  aircraft 
seating  fall  into  two  Important  categories  as  shown  in  the  figure,  namely  fire 
performance  objectives,  and  seating  performance  requirements.  In  this  study, 
only  those  materials  that  possessed  only  the  fire  blocking  efficiency  necessary 
to  prevent  fire  propagation  from  seat  to  seat  under  the  simulated  post  crash 
fire  conditions  conducted  by  the  FAA  in  full  scale  tests  in  a  C-133  fuselage 
were  evaluated  for  durability,  comfort,  wear  and  manufacturability.  Only  those 
cushion  systems  that  approached  state-of-the-art  performance  in  seating  performance 
were  evaluated  with  regard  to  cost.  These  screening  gates,  the  controlling 
algorithms  and  materials  data  base  have  been  reported  separately  (3) . 

The  various  ablative  or  fire  blocking  mechanisms  available  from  existing 
materials  systems  that  are  possible  candidates  for  blocking  layer  design  are 
outlined  in  Figure  3.  Vonars,  a  family  of  low  density,  high  char  yield  foams 
containing  a  large  fraction  of  water  of  hydration  is  perhaps  the  best  candidate 
of  this  class  currently  available.  It  is  available  in  two  practical  thicknesses 
from  3/16"  to  1/16".  The  high  temperature  resistant  polymers  with  decomposition 
temperatures  in  excess  of  400°C,  and  high  char  yield  polymers  such  as  the  PBI's, 
Celiox,& Kynol  with  char  yields  in  excess  of  60Z  are  excellent  candidates  for  re¬ 
radiation  protection.  Suitable  ablative  felt  fabrics  which  are  also  good 
insulators  have  been  prepared  from  these  polymers  in  fiber  form. 
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The  action  of  the  ablative  matrix  to  induce  vapor  phase  cracking  of  the 
combustible  gas  generated  from  the  slow  pyrolyses  at  low  temperature  of  the 
substrate  can  be  very  important  especially  in  applying  ablative  materials  as 
fire  blocking  layers.  All  of  these  materials  in  sufficient  thicknesses  in 
combination  or  individually  can  provide  the  required  degree  of  thermal  protection 
necessary  for  fire  safe  polyurethane  cushioning.  The  question  to  be  answered 
is  which  combination  provides  the  correct  amount  of  protection  to  keep  the  vapor 
production  rate  of  polyurethane  foam  somewhat  less  than  10-20x10-5  grams/cm2/sec 
under  an  Incident  heating  rate  of  2.5  watts/cm2. 

Fabrics,  felts  and  mats  with  excellent  high  temperature  insulation  properties 
can  be  obtained  as  indicated  from  non-ablative,  inorganic,  dielectrics  such  as 
silica  and  Fiberfrax.  Highly  reflective  continuous  surfaces,  which  also  function 
to  distribute  the  incident  radiant  energy  and  thus  reduce  the  local  heat  loads, 
such  as  aluminum  foils  must  also  be  considered. 

Another  ablative  mechanism  which  becomes  exceedingly  important  in  controlling 
the  effective  mass  injection  rate,  is  the  ability  of  the  ablative  matrix  to 
initiate  vapor  phase  cracking  of  the  combustible  vapor  species  generated  by  the 
low  temperature  pyrolysis  of  the  polyurethane  substrate. 

All  of  the  mechanisms  listed  and  any  of  the  material  examples  indicated  can 
alone  or  in  combination  provide  the  required  degree  of  thermal  protection  necessary 
for  securing  fire  safe  polyurethane  cushioning  capable  of  defeating  the  action  of 
large  aircraft  fuel  fires  when  used  in  sufficient  thickness.  The  first  question 
that  the  research  reported  here  attempts  to  answer  is  what  mechanism  and  material 
or  combination  provide  just  the  amount  of  protection  required  at  a  minimum  weight 
of  ablative  material  per  unit  area. 

Materials  which  depend  on  transpiration  cooling  by  mass  injection  can  be 
very  efficient  at  high  heating  rates.  Their  efficiency  increases  monotonically  with 
the  incident  heating  rate  above  7  watts/cm2.  As  will  be  shown,  transpirations! 
systems  are  less  efficient  on  a  weight  basis  than  systems  based  on  the  other 
mechanisms  discussed,  in  the  fire  environment  of  the  post  crash  aircraft  fuel  fire. 
To  date,  material  systems  that  combine  one  or  more  combinations  of  heat 
rejection  mechanisms,  such  as  2,  3,  4  and  5  provide  the  most  efficient  ablation 
systems  for  designing  blocking  layers  for  contemporary  polyurethane  seats. 

A  generealized  schematic  for  the  kinds  of  optimum  fire  blocking  layers  to 
be  discussed  in  this  paper,  indicating  the  main  heat  blocking  mechanisms  is 
shown  in  Figure  4.  Earlier  studies  on  the  internal  isotherm  recession  rates  of 
char  forming  ablative  foams  (4)  exposed  to  the  typical  aircraft  fuel  fire  environ¬ 
ment  demonstrated  that  re-radiation  from  the  non-receeding  fire  stable  char  surface 
and  the  low  thermal  diffusivity  of  virgin  foam  dominated  the  minimization  of  the 
pyrolysis  isotherm  rate.  Re-radiation  can  be  effected  by  either  reflection  with 
an  emissive  surface  of  aluminum  or  a  hot  char  surface.  At  present,  we  understand 
that  the  use  of  aluminum  surfacing  on  high  temperature  stable  and  or  char  forming 
interlayers  is  important  in  redistributing  the  local  incident  radiation,  and  the 
hot  char  or  carbonized  interlayers  dominates  the  re-radiation  process.  Thus, 
aluminized  char  forming  high  temperature  materials  such  as  Gentex's  Celiox  or 
Amatex's  Norfab  ,  provide  the  best  combination  of  mechanisms.  Efficient  fire 
blocking  layers  are  by  no  means  limited  to  these  kinds  of  materials. 


In  the  case  of  the  ablative  protection  of  a  flammable  substrate,  such  as 
a  flexible  polyurethane,  wherein  a  limited  amount  of  controlled  pyrolysis  is 
allowable,  internal  char  formation  by  thermal  cracking  of  the  urethane  pyrolysis 
vapor  is  extremely  beneficial.  That  part  of  the  evolving  combustible  gas  which 
is  fixed  as  char  does  of  course  not  participate  in  the  external  flame  spread  and 
the  flashover  processes.  To  avoid  rupture  of  the  fire  blocking  layer,  it  is  safe 
to  provide  some  venting  as  indicated  to  manage  the  pressure  drop  within  the 
cushion  structure. 


The  results  obtained  with  mini  test  cushions  at  4  minutes  and  2.5  watts/cm 
incident  thermal  flux  are  shown  in  Figure  5.  It  can  be  seen  that  the  anerobic 
pyrolysis  of  the  flexible  polyurethane  foam  has  produced  a  stable  char  residue 
from  the  virgin  foam  and  also  by  thermal  cracking  on  the  hot  surface  of  the 
aluminum  layer.  When  the  aluminum  layer  is  external  to  the  blocking  inner  layer, 
it  still  forms  inside  the  porous  blocking  layer. 


Based  on  the  results  obtained  to  date,  the  two  comnerclal  products  shown 
in  Figure  6  provide  the  required  degree  of  fire  protection,  to  prevent  propagation 
due  to  aircraft  seats  in  a  simulated  post  crash  fire  at  the  lowest  weight  penalty 
and  lower  blocking  layer  costs.  It  is  our  opinion  that  these  blocking  layers  can 
be  used  with  any  weight  effective  resilient  cushioning  foam  without  regard  to 
the  foam's  inherent  flanmability. 


It  is  of  interest  to  examine  a  means  of  quantitatively  characterizing  the 
efficiency  of  fire  blocking  layers  in  laboratory  fire  durability  tests  to  predict 
their  performance  in  full  scale  tests. 


In  Figure  7,  the  efficiency  of  any  fire  blocking  layer  has  been  defined 
as  the  ratio  of  the  incident  radiant  heating  rate,  to  the  rate  of  production 
of  combustible  gas  produced  per  unit  area  per  second,  generated  by  the  pyrolysis 
of  the  substrate  polyurethane  foam.  This  efficiency  should  be  able  to  be  measured 
experimentally  by  any  one  of  three  methods  indicated  in  equation  two  by  the 
recession  rate  of  the  pyrolysis  isotherm  into  the  substrate,  by  equation  three 
by  measuring  the  actual  amount  of  gas  generated  per  unit  area  per  unit  time  and 
finally  with  a  knowledge  of  the  heat  of  combustion  of  the  specific  gases  generated 
from  the  substrate,  from  heat  release  calorimeter  measurements.  Measurement  of 
recession  velocities  is  extremely  difficult  experimentally.  Both  methods  3  and 
4  give  good  reproducible  results  and  efficiencies  measured  by  both  methods  give 
acceptable  agreement.  One  should  note,  as  pointed  out  above,  that  the  mass 
injection  rate  of  the  substrate  increases  mono Conically  with  heating  rate,  and  that 
the  efficiency  as  defined  here  should  decrease  with  increased  heating  rate  up  to 
about  7  watts/cm^.  This  has  been  found  to  be  the  case  as  reported  by  Kourtides  (2) 
It  Is  clear  that  heat  blocking  efficiencies  must  be  compared  at  identical  heating 
rates. 


An  empirical  relationship  between  these  laboratory  measured  efficiencies 
and  the  thermal  performance  of  a  particular  kind  of  fire  blocking  system  is  shown 
in  Figure  8.  An  allowable  egress  time  in  minutes  has  been  plotted  as  a  function 
of  .'he  fire  blocking  efficiency  as  defined  for  three  different  fire  conditions  used 
in  the  C-133  full  scale  test  article,  a  zero  wind,  2  mph  and  3  mph.  The  fire 
severity  as  measured  by  the  average  heating  rate  in  the  vicinity  of  seats 
increasing  accordingly.  With  the  Vonar  converted  seats,  the  average  heating  rate 
of  seats  is  about  5  vatts/cnr  at  zero  condition,  and  could  amount  up  to  10-12 
watts/cnr  in  the  most  severe  conditions  with  3  mph  wind. 
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It  is  clear  from  this  figure  Chat  either  Vonar  3  or  LS-200  both  non-metallized 
components  which  provide  protection  by  ablative  transpirational  cooling  alone  give 
as  much  as  5  minutes  of  available  egress  time.  The  unprotected  flexible  polyurethane 
seat  gave  something  less  than  two  minutes  whereas  the  empty  aircraft  gave  survival 
times  in  terms  of  temperature  only  well  in  excess  of  ten  minutes.  One  pressing 
matter  these  preliminary  results  put  to  rest  is  the  question  of  the  role  of  interior 
materials  in  the  postcrash  fire,  namely  that  the  interior  materials  flammability, 
in  this  case  the  seat  array  exposed  to  the  post  crash  fire,  is  a  major  factor  in 
post  crash  fire  survivability  under  the  conditions  of  FAA's  average  design  fire 
(5).  These  of  course  are  seat  only  tests.  These  test  results  permit  one  to  cali¬ 
brate  fire  performance  in  terms  of  Vonar  3,  a  performance  that  is  considered  to 
provide  an  acceptable  benefit  in  the  post  crash  fire.  In  these  tests,  Vonar  3 
with  a  cotton  skrim  replacing  the  usual  cotton  batting  gave  an  increase  of  about 
26  oz  per  sq  yd  of  seat  covering  material.  It  is  the  primary  objective  of  this 
investigation  to  see  if  it  is  possible  to  achieve  equivalent  fire  blocking  layer 
performance  from  other  materials  at  reduced  weight  and  hence  costs. 

In  Figure  9,  a  simple  relationship  has  been  developed  between  the  allowable 
egress  time  and  the  efficiency  and  density  of  a  fire  blocking  layer.  Equation  8 
approximates  the  allowable  egress  time  in  terms  of  the  specific  fire  blocking  layer 
efficiency,  the  aerial  density  and  the  applied  heating  rates.  Of  course,  this 
determines  weight  of  the  fire  blocking  layer  per  seat  by  equation  10.  It  should 
be  clear  that  the  higher  the  efficiency  of  the  fire  blocking  layer  (specific), 
the  longer  the  available  egress  time.  The  design  equation  8  permits  one  to 
select  a  predetermined  egress  time  and  tailor  the  ablative  to  give  a  maximum 
efficiency  at  a  minimum  aerial  density. 

Since  this  is  not  a  materials  development  study  but  rather  a  short  term 
comparison  of  off  the  shelf  items,  we  have  elected  to  compare  fire  blocking 
efficiencies  of  candidate  materials  with  Vonar  3's  performance,  as  a  standard 
of  comparison,  and  then  compute  the  effect  of  their  use  on  the  average  seat 
weight.  Ideally,  the  optimum  fire  blocked  seat  should  give  equivalent  fire 
blocking  performance  to  Vonar  3  with  no  increase  in  contemporary  seat  weight. 

The  specific  mass  injection  rates  obtained  for  both  fire  retarded  and 
non-fire  retarded  flexible  polyurethane  foams  in  the  form  of  mini  cushions 
described  by  Kourtides  are  shown  in  Figure  10.  These  values  were  obtained  at 
2.5  watts/cm^,  It  can  be  seen  that  the  mass  injection  rate  for  the  Vonar  3 
covered  foams  is  about  one-half  the  value  for  that  of  the  unprotected  sample,  and 
also  these  configurations  with  Vonar  gave  acceptable  performance  in  the  C-133 
test.  It  can  also  be  seen  that  both  Gentex's  Celiox  and  Norfab  gave  lower  mass 
injection  rates  than  the  Vonar  at  much  lower  aerial  densities. 

This  amounts  to  a  weight  penalty  of  something  less  than  half  of  that  for 
the  ablative  fire-blockers  as  compared  with  the  Vonar  3  system.  Also  in  Figure 
10,  a  relative  figure  of  merit  for  the  ablative  fire  blocking  layers  has  been 
developed  by  normalizing  the  efficiency  of  the  fire  blocking  layers  with  respect 
to  Vonar  3,  a  relationship  which  seems  to  hold  up  to  applied  heating  rates  of  as 
much  as  seven  watts/cm^,  at  which  rate  Vonar  begins  to  be  somewhat  more  efficient. 

It  can  also  be  seen  that  the  low  density  Celiox  (six  ounces  per  sq  yd),  is  the 
most  efficient  fire  blocker  stuided  so  far. 

It  can  also  be  deduced  from  Figure  10  that  the  fire  blockers  perform  equally 
well  with  both  non-fire  retarded  and  fire-retarded  flexible  polyurethane  foam 
as  predicted. 


The  non-fire  retarded  polyurethane  foam  with  Celiox  100,  in  this  test  comes 
very  close  to  meeting  the  target  goals  of  this  study,  namely  equivalent  fire 
performance  and  the  smallest  increase  in  seat  weight.  It  can  also  be  seen  it 
is  about  twice  as  efficient  as  it  needs  to  be  even  at  this  low  aerial  density. 

The  mass  injection  rates  as  a  function  of  fire  blocking  layer  thickness  are 
plotted  in  Figure  11.  Again  these  results  have  been  base-lined  with  respect  to 
Vonar  3's  performance  at  2.5  watts/cm2,  at  5x10“^  grama  per  cm^  per  sec.  It  can 
be  seen  that  the  efficiency  of  Vonar  decreases  monatomically  with  thickness, 
whereas  the  ablative  fire  blocking  layers  increase  with  decreasing  thickness. 
However,  at  present  durability  and  wear  become  limiting  factors  for  currently 
available  fabrics  at  thickness  much  less  than  0,1  cm.  It  is  believed  that  a 
lower  limit  of  about  6  oz  per  sq  yd  is  the  lower  thermal  limit  for  that  class  of 
fabrics,  and  one  should  expect  a  rapid  loss  in  thermal  efficiency  below  this  value. 

For  convenience  of  optimization  with  respect  to  thermal  performance  and 
weight,  a  plot  as  shown  in  Figure  12  is  useful.  Here  we  have  plotted  the 
relative  figure  of  merit  as  defined  with  respect  to  Vonar  3  as  a  function  of 
average  seat  weight.  It  can  be  seen  that  the  Vonar  systems  do  not  meet  the 
desired  performance  criteria.  Vonar  3  is  too  heavy  and  Vonar  1  is  not  sufficiently 
protective.  Both  the  Norfab  and  Celiox* s  easily  meet  both  of  these  criteria. 

The  Celiox  based  system  can  be  seen  to  give  a  somewhat  better  fire  performance 
margin  than  the  Norfab. 

These  results  are  summarized  in  terms  of  a  standard  tourist  class  aircraft 
seat  in  Figure  13.  Again  these  results  show  that  on  a  weight  basis  both  of  the 
candidate  ablative  fire  blocking  layers  are  about  three  times  more  cost  effective 
than  the  Vonar *s  on  a  coat  to  fly  basis.  The  figures  are  conservative  because 
the  seats  can  probably  be  manufactured  and  used  without  the  cotton  muslin  seat 
cover. 

The  outline  of  the  algorithm  for  the  current  cost  model  of  these  seat 
modifications  is  shown  in  Figure  14.  In  this  paper  only  the  element  which 
addresses  the  calculation  of  relative  increase  in  costs  to  manufacture  and  fly 
these  new  heat  blocked  seats  for  an  average  U.S.  fleet  of  2000  aircraft  with 
an  average  of  200  seats  per  aircraft  will  be  discussed. 

This  program  searches  the  data  base  for  candidate  heat  blocking  layers,  with 
the  minimum,  thermal  protection  values,  and  the  wear  and  comfort  limits  shown  in 
Figure  15.  The  algorithm  then  requires  the  inputs  as  outlined  and  outputs  the 
cost  difference  to  fabricate  and  fly  a  fire  blocked  seat  per  one  year  compared  to 
the  standard  seat. 

The  results  of  applying  this  program  to  Vonar  3  and  the  ablative  fire  blocking 
layers  now  considered  optimum  are  shown  in  Figure  16,  Cost  to  manufacture  and 
fly  per  year  for  a  five  year  period  with  fire  blocking  layers,  each  with  a  wear 
life  of  five  years  are  plotted  as  a  function  of  average  seat  foam  density  and 
the  aerial  density  of  acceptable  fire  blocking  layers.  The  average  seat  foam 
densities  of  fire  retarded  and  non  fire  retarded  flexible  polyurethane  foam 
have  been  indicated  as  1,7  and  1.4  pounds  per  cubic  foot.  The  use  of  non-fire 
retarded  flexible  polyurethane  foam  is  considered  to  be  a  viable  option  for  this 
application. 
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In  Figure  16,  it  can  be  seen  Chat  currently  available  ablative  fire  blocking 
layers  with  non-fire  retarded  polyurethane  foam  amount  to  about  6x10^  dollars 
per  year  whereas  the  Vonar  3  modification  could  amount  to  about  five  times  as 
much,  about  28x10  million  dollars. 

Further  optimization  is  also  indicated  in  Figure  16,  if  a  6-7  oz  per  sq 
Celliox  based  fabric  could  be  developed  with  a  five  year  wear.  This  could  amount 
to  as  little  as  1.5x10^  million  dollar  per  year  for  five  years. 

Concluding  Remarks 

All  known  flexible  polyurethane  foams  suitable  as  aircraft  seating  are 
about  equally  flammable  and  provide  approximately  the  same  thermal  risk  to 
survivability  under  the  conditions  of  the  design  fire  established  for  the 
post  crash  simulation  scenario  in  the  C-133  full  scale  tests. 

All  presently  known  and  acceptable  flexible  cushioning  foams  require  about 
the  same  degree  of  fire  blocking  protection  to  suppress  this  threat. 

Adequate  fire  blocking  protection  can  be  achieved  through  replacement  of 
cotton  batting  slip  covers  with  a  wide  variety  of  fire  blocking  layers. 

Of  all  of  the  known  fire  blocking  layers  investigated,  the  Vonar  series  is 
the  least  efficient  on  a  cost/weight  basis  for  fire  protection  of  domestic 
transport  aircraft. 

Among  the  known  fire  blocking  layers  the  metallized  high  temperature  resistant 
char  forming  ablatives  appear  to  be  optimum.  At  the  present  this  practical  opti¬ 
mization  is  limited  to  aerial  densities  in  the  range  of  10-12  oz  per  sq  yd. 

Further  developmental  work  could  drive  these  down  to  4  to  6  oz  per  sq  yd  which 
might  provide  an  equivalent  cost  to  build  and  fly  to  current  seats. 

On  the  basis  of  both  radiant  panel  testing,  heat  release  calorimetric  tests 
and  limited  C-133  tests,  (correlation  among  these  laboratory  test  methods  and 
with  limited  full  scale  tests  in  the  FAA's  C-133  are  good  to  excellent),  show 
that  both  Norfab  and  Centex  Cellox  are  far  superior  to  Vonars  and  provide  a 
cost  effective  degree  of  fire  protection  for  polyurethane  products  heretofore 
not  available. 
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( iJRRENT  KAiERIAlS  OPTIONS  FOR  IMPROVEMENT  OF  THE  FIRE  WORTHINESS  OF 
DOMESTIC  TRANSPORT  AIRCRAFT  INTERIORS  IN  POSTCRASH  FUEL  FIRES 


1,  F  IKE  RE  it  ST  ANT  HOtl-METALLIC  (POLYMERIC)  MATERIAL 

COMPONENTS  LIMITATIONS:  HIGH  COSTS,  DIFFICULT 
PROCESSAb IL I  TV,  bRITTLE. 
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Alii)  LL'SIOMEHS  WITH  FIRE  RETARDANT  ADDITIVES, 
LIMITATIONS:  WOT  EFFECTIVE  UNDER  CONDITIONS  OF  POST 
CRASH  FIRE. 


3,  CCVE.ilHo  FIRE  SENSITIVE  SUBSTRATE  (PANELS,  SEATS,  ETC.) 

WITH  AboAllVE  C0ATIN6S  OR  FIRE  BLOCKING  LAYERS 

LIM.'TA'IOtlS:  DECORE,  DURABILITY  (WEAR),  i  INCRE/Si  II.  SHI, ’•SET, 


WEIGHT  PENALTY 


FIGURE  1 


SHORT  TERM 

OPTIMIZATION  OF  POST  CRASH  FIRE  PERFORMANCE  AND 
COSTS  OF  TRANSPORT  AIRCRAFT  SEATING 

-  PROJECT  OBJECTIVES  - 


1  Provide  efficient  heating  blocking  material  components  for  contemporary 

AIRCRAFT  CUSHIONING: 


(A) 


To  REDUCE  THE  RATE  OF  FIRE  SPREAD  THROUGH  CONTEMPORARY 
CABIN  INTERIORS  INITIATED  BY  A  FULLY  DEVELOPED  POST  CRASH 
FUEL  FIRE 


(B)  TO  INCREASE  THE  EGRESS  TIME  LIMITED  BY  CONTEMPORARY  INTERIORS 
IN  SUCH  FIRES 


Provide  a  minimum  increase  in  ship  set  height  for  contemporary 

TRANSPORT  AIRCRAFT 


(A) 


To  MAINTAIN  EQUIVALENT  CUSHIONING  EFFICIENCY 


(b)  To  utilize  commercially  available  heat  blocking  material 

AND  REASONABLE  CONSTRUCTION  METHODS  AND  MANUFACTURING  COSTS, 


T IGUHt  ? 


FIRE  BLOCKING  MECHANISMS 
AVAILABLE  FOR  PRODUCT  DESIGN 


1.  Transpiration  Cooling  (Vonars) 

2.  Reradiation 


3.  Insulation 


R.  Reflection 


Thigh  Temperature  Stable^— j  q^0)A 
(.Lon  Conductivity  )  \Kyn0L  / 

/"Lon  Density  \  /Silica,  Panox 

J  Closed  Cell  V - /  Fiberfax,  Nohex 

(.Thermally  Stable)  \  Phenolic -Microballoons 


^Highly  Reflective( 
j  Surfaces 
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Aluminum 


j.  Vapor  Phase-  /Dense  ")  /Aluminum  V 

Cracking  to  Char  JNon-Porqus  r  j  Celicx  \ 

(Catalytic  Surfaces)  I  PBI  \ 

I  Carbon  Loaded  ! 

^Polymers  / 

2,  3,  4  and  5  -  Most  efficient  combinations  for  fipe  blocking 
Figure  3 
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TYPICAL  EXAMPLES 
OF 

OPTIMUM  FIRE  BLOCKING  LAYER 


Gent ex  Commercially  available  examples 

Aluminum  Celiox  —  11-16  oz/yd?  --  Cost  tlS-lg/s«  yd 

Norfab  (Aluminum-Silica  ♦)  11-12  oz/yd^  —  Cost  *20  */s8  yd 
Many  other  analogs  systems  possible 

AT  SIMILAR  COST,  HEIGHT  A  PERFORMANCE 


Alumimm-Panox  ) 

Aluminum-Xynol  '  Any  high  ablative  efficiency  support  for 

Aluminum-PBI  1  good  ALUMINUM  hear  surface 

Aluminum-Carbon  Filleo  Polyurethane) 


(Can  be  useo  hith  any  height  effective  resilient  hithout  regard  to  flexible 

FOAM  FLAMMABILITY) 


Figure  6 


GOVERNMENT  EQUATIONS 
TO  EVALUATE  THERMAL  PERFORMANCE 

i.  E  -  Imput  Energy _  (Basic  Efficiency  Eouation) 

Mass  Material  Reacted 


2,  Efficiency  from  T-3  Test  (Foam  Recession  Velocity) 

E]  ■ciRAD  (lRAD  *  Input  Heating  Rate 


*e 


X  =  Recession  Velocity 
6  «  Foam  Density 


3,  Efficiency  from  Radiation-Mass-Loss  Test 


Mass  Injection  Rate 


‘i.  Efficiency  from  Heat  Release  Calorimeter  Test 

E3  =  Specific  Heat  Combustion 

a  H 
K 

ALL  TESTS  COMPARABLE  BY  ErE2-E3 


Figure  7 
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GOVERNING  EQUATIONS  FOR  EMPIRICAL  CORRELATION  WITH  C-133  TEST 

e  Available  egreaa  tlna  dealrad  (else  propagation  flaahover 

wjrh  blocking  layar  cine  or  500t>--l0,  at  ceiling) 

a*  Available  egreee  tine  with  non-blocking  layer 

r  Average  input  heating  race  co  aeat 

B  D«naicy  of  heec  blocking  layer 

Thickness  of  hast  blocking  layer 
-  PA  *•  Aeriul  Density 

Front  factor  for  teat  configuration 

e  -  ,  „ 

q  r;nl 

'A  -  (ic-lcA)  q  Tad  •  Weight  blocking/unit  area 
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Figure  9 
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OPTIMIZATION  METHODOLOGY  FOR 
FIRE  BLOCKING  SEAT  CONSTRUCTION 


1,  SEARCH  DATA  BASE  FOR  FIRE  BLOCKING  EFFICIENCIES 

£>  A,0  WATT-SEC/GRAM 

2,  SEARCH  DATA  BASE  FOR  ALL  OF  (1)  WITH  HEAR  EQUAL  TO  6REATER  THAN  5  YEARS 

l  -  5  YEARS 

5,  SEARCH  DATA  BASE  ALL  FOAMS  WITH  I  DENTATION  LOAD  DEFLECTION  AT 
2GI  5B-10  PS1 

INPU^  TO  CALCULATE  OPERATIONAL  FLEET  COSTS 

1.  SEAT  GEOMETRIES  5,  MATERIALS  COSTS 

2.  FOAM  DENSITIES  6,  SEAT  MANUFACTURING  COSTS 

5,  AREA  DENSITIES  7.  AVERAGE  ANNUAL  SEAT  DEMAND 

•i.  FLYING  HEIGHT  Fllfl  COS!., 

OUTPUTS 

1.  VARIATION  IN  COST  DIFFERENCE  TO  FABRICATE  AND  FLY  FIRE-BLOCKED  SEAT 
COMPARED  TO  STANDARD  SEAT  FOR  ONE  YEAR 


Figure  IS 
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Abstract 


Aircraft  seat  materials  were  evaluated  in  terms  of  their 
thermal  performance.  The  materials  were  evaluated  using  (a) 
thermogravimetric  analysis,  (b)  differential  scanning  calorimetry, 

(c)  a  modified  NBS  smoke  chamber  to  determine  the  rate  of  mass 
loss  and  (d)  the  NASA  T-3  apparatus  to  determine  the  thermal 
efficiency.  In  this  paper,  the  modified  NBS  smoke  chamber  will 
be  described  in  detail  since  it  provided  the  most  conclusive 
results.  The  NBS  smoke  chamber  was  modified  to  measure  the  weight 
loss  of  materials  when  exposed  to  a  radiant  heat  source  over  the 
range  of  2.5  to  7.5  W/cm2 .  This  chamber  has  been  utilized  to 
evaluate  the  thermal  performance  of  various  heat  blocking  layers 
utilized  to  protect  the  polyurethane  cushioning  foam  used  in 
aircraft  seats.  Various  kinds  of  heat  blocking  layers  were 
evaluated  by  monitoring  the  weight  loss  of  miniature  seat  cushions 
when  exposed  to  the  radiant  heat.  The  effectiveness  of  aluminized 
heat  blocking  systems  was  demonstrated  when  compared  to  conventional 
heat  blocking  layers  such  as  neoprene.  All  heat  blocking  systems 
showed  good  fire  protection  capabilities  when  compared  to  the 
state-of-the-art,  i.e.,  wool-nylon  over  polyurethane  foam. 

Introduction 

One  of  the  major  fire  threat  potentials  in  commercial  passenger 
aircraft  is  the  nonmetallic  components  in  the  passenger  seats.  The 
major  components  of  aircraft  passenger  seats  are  the  polymeric 
cushioning  material  and,  to  a  lesser  degree,  the  textile  fabric  cover¬ 
ing;  together  they  represent  a  large  quantity  of  potentially  com¬ 
bustible  material.  Each  aircraft  coach  type  passenger  seat  consists 
of  about  2.37  kg  of  non-raetallic  material,  the  major  component  being 
the  seat  cushion.  Since  modern  day  wide-body  passenger  aircraft  have 
from  275  to  500  passenger  seats,  the  total  amount  of  combustible 
polymeric  material  provides  a  severe  threat  to  the  environment  in  the 
cabin  in  case  of  either  on-board  interior  fire  or  post-crash  type 
fire  which  in  addition  involves  jet  fuel. 

A  major  complication  in  research  to  develop  fire  resistant 
aircraft  passenger  seats,  is  to  assure  the  laboratory  method  chosen 
simulates  real  life  conditions  in  case  of  a  fire  scenario  onboard 
an  aircraft  or  a  post-crash  fire.  In  this  study,  a  non-flaming 
heat  radiation  condition  was  simulated.  7.6  cm  x  7.6  cm  samples 
made  to  resemble  full-size  seat  cushions  were  tested  for  weight  loss 
when  exposed  to  different  heat  fluxes  from  an  electrical  heater.  The 
measurements  were  conducted  in  a  modified  NBS  smoke  density  chamber. 

It  has  been  shown  (1,2, 3, 4)  that  the  extremely  rapid  burning 
i  f  aircraft  seats  is  due  to  the  polyurethane  cushion.;  of  the  seats. 

In  order  to  protect  the  urethane  foam  from  rapid  degradation  when 
exposed  to  heat,  three  different  heat  blocking  layers  were  tested. 


e: 

Two  were  aluminized  fabrics  and  one  was  neoprene  type  of  material 
in  two  thicknesses.  In  all  cases,  urethane  foam  was  enveloped  in 
a  wool-nylon  fabric. 

Fabrics  and  foams  put  under  a  thermal  load  show  a  very  complex 
behavior.  Figure  1  illustrates  the  thermal  behavior  of  a  seat  cushion 
with  a  heat  blocking  layer.  When  a  heat  blocking  layer  is  introduced 
between  the  fabric  and  the  foam,  the  complexity  is  expected  to 
increase,  especially  if  the  heat  blocking  layer  is  an  aluminized  one 
as  in  some  cases  in  this  study.  The  protective  mechanism  for  the 
urethane  foam  involves  both  conduction  of  the  heat  along  the  aluminum 
surface  and  heat  re-radiation. 

Description  of  Equipment 


The  test  equipment  for  recording  and  processing  of  weight-loss 
data  is  shown  in  Figure  2.  It  consists  of  an  NBS  smoke  chamber 
modified  by  the  installation  of  an  internal  balance  (ARBOR  model  //l206) 
connected  to  a  HP  5150A  thermal  printer,  providing  simultaneous  print¬ 
outs  of  weight  remaining  and  time  elapsed.  Data  recorded  on  the 
printer  was  manually  fed  into  a  HP  9835  computer,  processed  and 
eventually  plotted  on  a  HP  9872  plotter  (i.e.,  weight  remaining  versus 
time  elapsed) .  Also  used  was  a  HP  3455A  millivoltmeter  for  the  calibra¬ 
tion  of  the  chamber. 

The  NBS  smoke  chamber  was  modified  two  fold:  (a)  to  permit  a  heat 
flux  of  2. 5-7. 5  W/cm2  and  (b)  to  monitor  weight  loss  of  a  sample  on  a 
continuous  basis. 

The  NBS  test  procedure  (5)  employs  a  nichrome  wire  heater  to 
provide  a  nominal  exposure  on  the  spectrum  surface  of  2.5  W/cm2, 
which  corresponds  to  the  radiation  from  a  black-body  at  approximately 
540°C,  To  simulate  thermal  radiation  exposure  from  higher  temperature 
sources,  a  heater  capable  of  yielding  a  high  radiant  flux  on  the  face 
of  the  sample  was  utilized.  This  heater  is  available  from  Deltech  Inc. 
This  heater  is  capable  of  providing  a  heat  flux  of  Z..-10  w/cm2 . 

Two  burning  conditions  are  simulated  by  the  chamber:  radiant 
heating  in  the  absence  of  ignition,  and  flaming  combustion  in  the 
presence  of  supporting  radiation.  During  test  runs,  toxic  effluents 
may  be  produced;  therefore  an  external  exhaust  system  was  connected 
to  the  chamber.  In  order  to  provide  protection  against  sudden 
pressure  increases,  the  chamber  is  equipped  with  a  safety  blowout 
panel.  Also,  for  added  safety,  a  closed  air  breathing  system  was 
installed  for  use  while  operating  and  cleaning  the  chamber. 

In  this  study,  only  the  radiant  heating  condition  was  being 
simulated,  using  this  electrical  heater  as  the  radiant  heat  source. 

The  heater  was  calibrated  at  least  once  a  week  using  a  water-cooled 
calorimeter  connected  to  a  millivoltmeter.  Using  the  calibration 
curve  provided  by  the  manufacturer,  the  voltages  which  provided  the 
desired  heat  fluxes  (2.5.  5.0  and  7.5  W/cm2),  were  determined. 


When  the  chamber  was  heated  up  to  the  desired  temperature  (and 
heat  flux),  an  asbestos  shield  was  slid  in  front  of  the  heater. 

This  prevented  the  adjacent  chamber  wall  from  over-heating  and  thus 
affecting  the  data.  As  mentioned  earlier,  this  NBS  smoke  chamber 
was  modified  for  recording  of  weight  loss  data  by  the  installation 
of  an  electronic  balance.  The  balance  was  mounted  on  top  of  the 
chamber  with  its  weighing  "hook"  entering  the  chamber  through  a  small 
opening.  The  chamber  was  then  re-sealed  by  enclosing  the  balance  in 
a  metal  container  which  was  tightly  fitted  to  the  chamber  roof.  This 
balance  was  well  suited  to  perform  this  particular  task,  because  of 
several  of  its  features.  It  provides  a  digital  output  to  allow  weigh¬ 
ing  results  to  be  transferred  to  external  electronic  equipment  (in  this 
case,  the  thermal  printer),  below  the  balance  weighing,  which  was  essen¬ 
tial,  since  the  severe  conditions  inside  the  chamber  during  test  runs 
were  likely  to  corrode  or  otherwise  destroy  any  weighing  apparatus 
mounted  inside  the  chamber.  Also,  the  fact  that  it  ascertains  weight 
by  measuring  the  electrical  energy  required  to  maintain  equilibrium 
with  the  weight  of  the  mass  being  measured,  instead  of  by  measuring 
mechanical  displacement,  makes  it  well  suited  to  measure  a  continuous 
weight  loss. 

A  desktop  computer  was  used  for  data  acquisition  and  storage. 

It  provided  an  enhanced  version  of  BASIC  which  includes  an  extensive 
array  of  error  messages  to  simplify  programming.  The  computer  was 
equipped  with  an  80  by  24-character  CRT  (Cathode  Ray  Tube)  display  and 
a  16-character  thermal  printer  for  hard-copy  printouts.  One  program 
written  and  used  during  the  weight  loss  testing  was  PLOT  wt.  The  pro¬ 
gram  collected  data  from  any  test  run  stored  on  a  data-file  (the  computer 
has  a  tape  cartridge  which  reads  the  files  from  cassette  tapes),  calcula¬ 
ted  the  weight  remaining  in  %,  and  plotted  the  results  versus  time  on  a 
plotter  hooked  up  to  the  computer. 

Description  of  Materials 


The  materials  used  in  this  study  are  shown  in  Tables  1  and  2. 

Three  types  of  foams  were  used  and  four  types  of  heat  blocking  layers. 
The  densities  of  the  foams  and  the  fire  blocker  layers  are  also  shown 
in  Tables  1  and  2,  with  an  estimate  of  the  seat  weight  when  constructed 
from  these  materials.  Two  flexible  polyurethane  foams  were  used,  a 
fire-retarded  and  a  non-fire-retarded.  The  composition  of  the  non-fire 
retarded  was  as  follows: 


Component 

Parts  By  Weight 

Polyoxypropylene  glycol  (3000  m.w.) 

100.0 

Tolylene  diisocyanate  (80:20  isomers) 

105 

Water 

2.9 

Silicone  surfactant 

1.0 

Triethylenediamine 

0.25 

Stannuous  octoate 

0.35 
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The  composition  of  the  fire  retarded  was  not  known  but  it  may  have 
contained  an  organo-halide  compound  as  a  fire-retardant.  The 
composition  of  the  polyimide  foam  used  has  been  described  previously 
(6). 


The  fire  blocking  materials  used  are  shown  in  Table  3. 

R 

The  Norfab  11  HT-26-A  is  a  woven  mixture  of  poly (p-phenylene 
terephthalamide) ,  an  aromatic  polyamide  and  a  modified  phenolic 
fabric.  The  fabric  was  aluminized  on  on  side.  The  Preox^  1100-4 
was  based  on  heat  stabilized  polyacrylonitrile  which  was  woven  and 
aluminized  on  one  side. 

The  mechanisms  of  fire  protection  of  these  materials  depends 
on  heat  re-radiation  and  thermal  conduction  along  the  aluminum 
layer.  The  Vonar^  2,  and  3  layers  used,  are  primarily  transpirational- 
cooling  heat  blocking  layers.  This  compound  is  a  neoprene  foam  with 
added  A1  (0H3)  as  a  fire-retardant,  attached  to  a  cotton  backing. 

The  mechanism  by  which  the  foam  works  is  based  on  the  heat  vaporiza¬ 
tion  of  the  foam  absorbed,  thereby  cooling  its  surroundings. 

Thermal  Characterization 


In  order  to  thermally  characterize  the  materials  tested.  Thermo- 
gravimetric  Analysis  (TGA)  and  Differential  Scanning  Calorimetry  (DSC) 
were  performed. 

In  TGA,  the  samples  are  heated  at  a  constant  heating  rate  in 

either  oxygen  or  nitrogen  atmosphere  and  the  weight  loss  recorded. 

The  polymer  decomposition  temperature  (PDT) ,  the  temperature  where 

the  mass  loss  rate  is  the  highest  (max  d  (wt).  . 

- — ')  the  temperature  of 

Q  t 

complete  pyrolysis  and  the  char  yield  in  %  are  then  determined  as 
shown  in  Figure  4.  The  results  are  shown  in  Table  4. 

In  DSC,  the  electrical  energy  required  to  maintain  thermal 
equilibrium  between  the  sample  and  an  inert  reference,  is  measured. 

By  calculating  the  peak  area  on  the  chart,  the  endo-  or  exothermity 
of  transitions  can  be  determined.  This  was  done  automatically  on 
the  analyzer  used  which  was  equipped  with  a  micro-processor  and  a 
floppy-disc  memory.  One  analysis  is  shown  in  Figure  5  and  the  results 
in  Table  5. 

Both  TGA's  and  DSC'-  were  performed  on  DuPont  thermal  analyzers. 
Radiant  Panel  Test  Results 


All  of  the  configurations  shown  in  Table  1  were  tested  in  the 
modified  NBS  smoke  chamber  to  determine  the  rate  of  mass  loss.  Prior 
to  performing  the  weight  loss  experiments  (radiant  panel  tests)  on 
the  complete  sandwich  cushions,  weight  loss  experiments  on  individual 
components  such  as  fabric,  heat  blocking  layer  and  foam,  were  made. 

No  detailed  results  of  these  tests  will  be  reported  in  this  paper, 
but  a  few  observations  might  be  worthwhile  to  report. 


6  5 


When,  assuming  that  fire  performance  of  the  components  were 
additive  phenomena,  the  total  weight  loss  of  the  components  were 
added  together  and  compared  with  a  sandwich  tested  under  the  same 
conditions,  no  correlation  was  found.  In  some  cases,  testing 
with  the  highly  flammable  foam  actually  improved  the  performance 
of  the  sample  compared  to  testing  the  heat  blocking  layer  alone. 

The  decorative  fabric  proved  to  have  little  influence  on  the  per¬ 
formance  of  the  heat  blocking  layer.  Heat  readily  went  through 
and  the  fabric  burned  off  rapidly. 

After  performing  these  initial  experiments,  it  was  clear 
that  the  weight  loss  profile  of  the  samples  could  not  alone 
provide  a  good  criteria  to  determine  the  efficiency  of  the  heat 
block.  The  criteria  chosen  was  the  amount  of  gas  originating  from 
the  urethane  foam  injected  into  the  air.  The  possible  steps  for 
the  thermal  degradation  of  the  flexible  urethane  foam  are  shown  in 
Figure  6. 

After  extensive  initial  testing,  it  was  determined  to  test 
the  sandwich  configurations  shown  in  Tables  1  and  2.  Configuration 
it 367  represents  the  state-of-the-art,  i.e.,  the  seat  configuration 
presently  used  in  the  commercial  fleet . 

All  samples  shown  in  Tables  1  and  2,  were  sandwich  structures 
made  up  as  miniature  seat  cushions.  The  sandwiches  consisted  of  a 
cushioning  foam  inside  a  wrapping  of  a  heat  blocking  layer  and  a 
wool-nylon  fabric  as  shown  in  Figure  3.  To  simplify  the  assembly, 
the  heat  blocking  layer  and  the  fabric  were  fixed  together  with  a 
stapler  followed  by  wrapping  them  around  the  foam  and  then  fixed 
in  place  by  sewing  the  edges  together  with  thread. 

Prior  to  assembly,  the  individual  components  were  weighed  on 
an  external  balance  and  the  results,  together  with  other  relevant 
data  were  recorded.  The  samples  were  mounted  in  the  chamber  as  shown 
in  Figure  3.  In  order  to  prevent  the  heat  from  the  heater  from 
reaching  the  sample  before  the  start  of  the  test,  a  special  asbestos 
shield  was  made .  The  shield  slides  on  a  steel  bar  and  can  be  moved 
with  a  handle  from  the  outside,  which  also  enables  the  operator  to 
terminate  the  test  without  opening  the  chamber  door  and  exposing 
himself  to  the  toxic  effluents. 

The  test  was  initiated  by  pushing  the  asbestos  shield  into  its 
far  position,  thus  exposing  the  sample  to  the  heat  flux  from  the 
heater  and  by  starting  the  thermal  printer.  The  test  then  ran  for 
the  decided  length  of  time  (1,  2,  3,  4  or  5  minutes)  and  was  termi¬ 
nated  by  pulling  the  asbestos  shield  in  front  of  the  sample.  When 
a  stable  reading  on  the  printer  was  obtained  (indicating  that  no 
more  gases  originating  from  the  foam  were  injected  into  the  chamber 
from  the  sample),  the  printer  was  shut  off.  After  the  chamber  was 
completely  purged  from  ^moke  the  sample  was  taken  out  and  allowed 
to  cool  down  to  room  temperature . 
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The  burned  area  on  the  side  of  the  sample  facing  the  heater 
was  subsequently  measured  in  order  to  standardize  the  test.  This 
area  was  normally  around  5  cm  x  5  cm  and  since  the  sample  size  was 
7.5  cm  x  7.5  cm,  this  was  thought  to  minimize  edge  effects  (that  is, 
changes  in  the  heat  spread  pattern  through  the  sample  caused  by  the 
heat  blocking  layer  folded  around  the  sides  of  the  foam  cushion) . 

Finally,  the  sample  was  cut  open  and  the  remainder  of  the  foam 
scraped  free  from  the  heat  blocking  layer  and  weighed  on  the 
external  balance .  This  was  done  to  determine  the  amount  of  foam 
that  had  been  vaporized  and  injected  into  the  surroundings. 

Results  and  Discussion 


The  samples  shown  in  Tables  1  and  2  were  exposed  to  heat  flux 
levels  of  2.5,  5.0  and  7.5  W/cm2.  After  the  weight  loss  of  the 
urethane  foam  was  determined,  as  described  previously,  the  specific 
mass  injection  rate  was  calculated  as  follows: 

•  _  (weight  loss) 

(area  of  sample  axpose3  to  EeatT  x  7 time  elapsed) 

The  area  exposed  to  heat  was  brought  into  the  equation  in  an 
effort  to  standardize  the  test  runs  in  terms  of  how  much  radiant 
energy  that  had  actually  been  absorbed  by  the  sample. 

Then  the  figure  of  merit  was  calculated  as  follows: 

£  _  _  (heat  flux)  _ 

7specllic~mlsi  Injection  rate  [_  g_J 

The  objective  was  to  determine  a  heat  blocking  system  showing 
equal  or  better  performance  than  the  VonarR  3  system.  Therefore, 
the  -value  at  every  test  condition  for  VonarR  3  was  assigned  to 
£  .  Then  the  relative  figure  of  merit  was  calculated  as  follows: 

£  *  — 
rel  £ 

o 

The  mass  loss  data  for  the  fire  retarded  and  non-fire  retarded 
urethane  is  shown  in  Tables  6  and  7,  respectively. 

The  rationale  for  ranking  materials  at  the  2  minute  exposure 
time  is  related  to  full  scale  tests  conducted  previously  (1,  2,  3, 

4)  and  is  a  critical  time  at  which  evacuation  must  occur  in  an 
aircraft  in  case  of  a  post  crash  fire. 

In  case  of  a  post  crash  fire  outside  the  passenger  compartment 
(e.g.,  a  fire  in  the  fuel  system),  the  seat  system  inside  the  cabin 
will  be  exposed  to  severe  heat  radiation.  The  foam  cushions  will 
start  to  inject  toxic  gases  into  the  cabin  as  simulated  in  this 
study.  2  minutes  is  thought  to  be  an  accurate  time  limit  for  the 
survivability  of  the  passengers  exposed  to  these  conditions.  Data  at 
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2  minutes  are  also  displayed  graphically  in  Figures  7  and  8. 

Figures  9  and  10  show  the  figure  of  merit  as  a  function  of  heat 
flux  at  2  minutes  exposure.  It  can  be  seen  in  Figure  9  that  the 
figure  of  merit  at  a  heat  flux  of  2.5  W/cm2  for  the  aluminized 
fabrics  (PreoxR  1100-4  and  NorfabR  11HT-26-A1)  is  higher  than 
either  the  VonarR  2  and  3,  at  5.0  W/cm2  they  are  approximately 
equal,  and  at  7.5  W/cm2  that  both  VonarR  2  and  3  show  a  higher 
figure  of  merit  than  the  aluminized  fabric. 

The  method  of  protection  for  the  urethane  foam  changes  as  the 
heat  flux  increases  whereby  the  transpirational  cooling  effect  of 
the  VonarR  is  more  effective  at  the  higher  heat  flux  range.  The 
mode  of  urethane  protection  using  the  aluminzed  fabric  is  primarily 
due  to  re-radiation  and  thermal  conduction.  At  5  W/cm2,  all  heat 
blocking  materials  were  approximately  equally  effective,  but,  it 
should  be  remembered  that  the  weight  penalty  of  the  VonarR  materials 
is  excessive  as  shown  in  Table  1.  The  aluminized  fabrics  were 
equally  effective  in  protecting  both  the  fire  retarded  and  non-fire 
retarded  urethane  foams  as  shown  in  Figures  9  and  10. 

To  obtain  a  general  view  of  the  heat  blocking  performance  of 
different  heat  blocking  layers,  the  average  mass  injection  rates  of 
experiments  with  1,  2,  3,  4  and  5  minutes  elapsed  time  was  calculated 
and  is  shown  in  Tables  8  and  9.  Figures  11  and  12  show  the  figure 
of  merit  as  a  function  of  heat  flux  at  average  exposure  time.  Essen¬ 
tially  the  same  results  are  observed  as  the  measurements  indicated 
at  2  minutes. 

The  usage  of  a  heat  blocking  layer  in  aircraft  seats,  significantly 
improves  the  performance  of  the  seat  when  exposed  to  heat  radiation. 

This  is  true  at  all  heat  flux  ranges  tested.  Samples  representing  the 
state-of-the-art  (// 367 )  were  completely  burned  after  only  a  short 
exposure  time  and  it  was  not  possible  to  test  these  samples  at  7.5  W/cm2 . 
When  it  comes  to  ranking  between  the  different  heat  blocking  layers, 
the  results  are  more  ambiguous.  It  is  true  that  VonarR  R  performed 
better  at  the  higher  heat  flux  level  (7.5  W/cm2)  but  at  the  heat  level 
of  most  interest  (5.0  W/cra2),  it  was  approximately  equal  to  the  other 
heat  blocking  layers.  The  heat  flux  of  5.0  W/cm2  is  considered  an 
average  heat  flux  level  in  the  interior  of  the  aircraft  as  shown  in 
simulated  full  scale  fire  tests  conducted  previously  (2) .  There  were 
no  significant  differences  observed  in  the  fire  blocking  efficiency 
of  the  layers  whether  a  non-fire  retarded  or  a  fire  retarded  urethane 
foam  was  used.  At  5.0  W/cm2,  the  efficiency  of  the  VonarR  3  was  higher 
with  the  non-fire  retarded  foam  vhile  the  aluminized  fabric  showed  a 
higher  efficiency  with  the  same  foam  at  7.5  W/cm2  as  shown  in  Figures  9 
and  10.  It  is  not  precisely  known  whether  this  difference  is  due  to 
the  differences  between  the  two  foams  or  is  due  to  the  different  mechan¬ 
isms  of  the  heat  blocking  layers,  i.e.  transpiration  or  re-radiation 
cooling.  Neither  one  of  the  two  aluminized  fabrics  show  outstanding 
performance  in  comparison  with  each  other.  When  the  complexities 
of  the  effect  of  the  underlying  foam  are  taken  into  consideration,  it 
is  reasonable  to  rank  them  as  giving  equal  fire  protection.  For 
example,  in  the  case  of  the  fire-retarded  foam,  the  NorfabR  gives 


excellent  fire  protection  at  the  low  (2.5  W/cm2)  heat  flux  in 
comparison  with  Preox^  1100-4  fabric  as  shown  in  Figure  11.  At 
5.0  W/cm",  they  are  equal  and  at  7.5  W/cm2,  the  situation  is  re- 
versed  when  using  the  non-fire  retarded  urethane  foam.  The  Norfab 
11HT-26-A1  fabric  exhibited  better  performance  at  all  heat  flux  levels 
when  tested  with  the  non-fire  retarded  foam  as  shown  in  Figure  12. 

The  181-E  glass  fabric  indicated  the  lowest  fire  protection  at 
5.0  W/cm2  when  the  exposure  time  is  averaged  over  5  min  as  shown  in 
Figure  10.  At  the  (2)  minute  interval,  its  performance  was  approxi¬ 
mately  the  same  as  the  other  fabrics  as  shown  in  Figure  9. 

A  study  of  the  cost/weight  penalty  of  different  heat  blocking 
systems  (7)  shows  that  the  re-radiation-cooling  systems  or  aluminized 
fabrics  provide  far  better  cost-efficiency  than  the  transpirational- 
cooling  systems  such  as  Vonar^  3.  These  results  and  the  equality 
in  fire  protection  performance  shown  in  this  study,  points  in  favor 
of  aluminized  fabrics  for  possible  use  as  cost  efficient  heat  pro¬ 
tection  system  for  the  urethane  foam. 

Several  difficulties  were  encountered  when  conducting  the  radiant 
panel  tests.  The  major  complications  were:  (a)  the  experiments  were 
designed  to  measure  the  amount  of  gas,  originating  from  the  urethane 
foam,  injected  into  the  air.  To  really  determine  how  much  gas  due  to 
urethane  decomposition  that  is  produced,  the  gases  need  to  be  analyzed 
(preferably  by  GC-MS  methods).  This  could  not  be  done  at  the  time  of 
this  study;  (b)  some  of  the  gas  produced  from  combustion  of  urethane 
foam  may  be  trapped  in  the  heat  blocking  layer.  The  amount  of  gas 
trapped  is  extremely  difficult  to  measure.  The  initial  experiments 
showed  that,  in  some  cases,  the  difference  in  the  weight  loss  of  the 
HBL  (with  and  without  a  urethane  foam  core)  was  greater  than  the 
weight  of  foam  lossed;  hence  the  weight  of  gas  trapped  could  not  be 
measured.  This  problem  was  corrected  by  perforating  the  fabric  on 
the  back  surface  to  allow  venting  of  the  gas  and,  (c)  there  was  a 
problem  with  the  quenching  period.  At  7.5  W/cm2  this  might  well  be 
the  dominant  mechanism  for  weight  loss  of  the  urethane  foam  for 
shorter  test  runs.  It  is  desirable  that  a  method  to  instantly  quench 
the  sample  be  developed  for  testing  at  heat  fluxes  of  7.5  W/cm2  and 
higher . 

Thermal  Efficiency 


The  NASA-Ames  T-3  thermal  test  (8)  was  used  to  determine  the 
fire  endurance  of  the  seat  configurations  shown  in  Tables  1  and  2. 
in  this  test,  specimens  measuring  25  cm  x  25  cm  x  5.0  cm  thick  were 
mounted  on  the  chamber  and  thermocoupled  on  the  backface  of  the 
specimen.  The  flames  from  an  oil  burner  supplied  with  approximately 
5  liters/hour  of  JP-4  jet  aviation  fuel  provided  heat  flux  to  the 
front  face  of  the  sample  in  the  range  of  10.4-11.9  W/cm2.  The  test 
results  were  inconclusive  since  the  temperature  iise  in  most  of  the 
specimens  was  extermely  rapid  and  it  was  very  difficult  to  determine 
small  differences  in  fire  blocking  efficiency  of  the  various  layers. 
Additional  work  will  be  performed  to  reduce  the  level  of  heat  flux 
in  the  chamber  in  order  to  be  able  to  differentiate  easier  among 
the  samples. 


Conclusions 

It  is  understood  that  a  great  number  of  mechanisms  govern  the 
performance  of  fabrics  and  foams  when  exposed  to  heat  radiation. 
Finding  these  mechanisms  and  measuring  their  Individual  parameters, 
is  extremely  difficult.  In  this  study  efforts  were  directed  towards 
determining  the  heat  protection  provided  by  different  heat  blocking 
layers,  relative  to  one  another. 

Some  specific  conclusions  may  be  drawn  from  this  study: 

(a)  Modified  NBS  smoke  chamber  provides  a  fairly  accurate 
method  for  detecting  small  differences  in  specimen  weight  loss  over 
a  range  of  heat  fluxes  and  time. 

(b)  Aluminized  thermally  stable  fabrics  provide  an  effective 
means  for  providing  thermal  protection  to  flexible  urethane  foams. 

(c)  Vonar  2  or  3  provided  approximately  equal  thermal  pro¬ 
tection  to  F.R.  urethane  than  the  aluminized  fabrics  but  at  a 
significant  weight  penalty. 

(d)  No  significant  differences  were  observed  in  the  use  of 
F.R.  or  N.F.  urethane  when  protected  with  a  fire  blocking  layer. 

(e)  The  efficiency  of  the  foams  to  absorb  heat  per  unit  mass 
loss  when  protected  with  the  heat  blocking  layer  decreases  signifi¬ 
cantly  in  the  heating  range  of  2. 5-5.0  W/cm2,  but  remains  unchanged 
or  slightly  increases  in  the  range  of  5. 0-7. 5  W/cm2. 

The  results  showed  that  the  heat  blocking  systems  studied  pro¬ 
vides  significant  improvement  of  the  fire  protection  of  aircraft 
seats  compared  to  the  state-of-the-art  (i.e.  the  seats  presently 
used  in  the  commercial  fleet) . 

The  results  indicated  that  transpiration-  and  re-radiation¬ 
cooling  systems  provided  approximately  equal  fire  protection.  How¬ 
ever,  the  high  weight/cost  penalty  of  the  transpiration  system 
favored  the  re-radiation  systems  (7). 

The  T-3  test  is  not  suitable  at  its  present  operation  to  detect 
minor  differences  in  heat  blocking  efficiency.  Additional  methods 
must  be  utilized  in  evaluating  these  and  similar  materials  in  order 
to  establish  a  good  correlation  between  these  weight  loss  experiment 
and  other  more  established  or  standard  test  methodologies. 
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SECTION  I 
INTRODUCTION 


Aircraft  passenger  seats  represent  a  high  percentage  of  the  organic 
materials  used  in  a  passenger  cabin.  These  organics  can  contribute 
to  a  cabin  fire  if  subjected  to  a  severe  ignition  source  such  as  post¬ 
crash  fuel  fire.  Since  1976,  programs  funded  by  NASA  have  been  conducted 
at  Douglas  Aircraft  Company  to  study  and  develop  a  more  fire-resistant 
passenger  seat.  The  first  program  dealt  with  laboratory  screening  of 
individual  materials  (Report  No.  NASA  CR-152056,  Contract  No.  NAS  2-9337). 

The  second  program  continued  laboratory  screening  of  individual  materials, 
conducted  laboratory  burn  tests  of  multilayer  materials,  developed  a  full- 
scale  standard  fire  source  and  prepared  a  preliminary  fire-hardened 
passenger  seat  guideline  (Report  No.  NASA  CR-152184,  Contract  No.  NAS  2-9337) 
The  third  program  consisted  of  additional  laboratory  burn  testing  of  multi¬ 
layer  materials,  fabricating  a  fire-hardened  three-abreast  tourist  class 
passenger  seat,  and  a  design  guideline  for  fire-resistant  seats  (Contract 
No.  NASA  2-9337,  Report  No.  NASA  CR-152408).  The  fourth  proqram  fabricated 
and  burn  tested  full-scale  seat  cushions  utilizing  the  fire  blocking  concept 
for  protecting  the  inner  cushion  (Contract  No.  NASA  9-16026). 

The  tests  documented  in  this  report  involve  a  continuation  of  full-scale 
burning  of  seat  cushions  utilizing  the  fire-blocking  concept. 


Rfi 

SECTION  3 
TEST  ARTICLES 


3.1  Test  Specimens 

Thirteen  different  seat  cushion  constructions  were  tested  (Table  1). 

Fire  blocking,  when  incorporated,  covered  all  sides  of  the  cushion. 

All  seams  were  sewn  with  nylon  thread.  The  overall  dimensions  for 
the  back  cushions  were  43  by  61  by  5  centimeters  (17  by  24  by  2  inches). 
The  bottom  cushions  dimensions  were  46  by  50  by  8  centimeters  (18 
by  20  by  3  inches). 

3.2  Materials 

The  13  test  specimens  were  fabricated  using  a  combination  of  materials 
shown  in  Table  2.  These  materials  were  selected  and  supplied  for 
use  in  this  program  by  NASA-AMES  Research  Center. 

All  cushions  were  fabricated  by  Expanded  Rubber  and  Plastics  Corporation 
in  Gardena,  California. 
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TABLE  1 

SEAT  CONSTRUCTIONS 


Construction 

Number 

Decorative 

Upholstery 

Slip  Cover 

Fire  Blocking 

Foam 

1 

Wool -Nylon 

None 

None 

F.  R.  Urethane* 

2 

Wool -Nylon 

Cotton-Musl in 

Vonar-3 

F.  R.  Urethane 

3 

Wool -Nylon 

Cotton-Muslin 

Vonar-2 

F.  R.  Urethane 

4 

Wool -Nylon 

None 

3/8  LS  200 

F.  R.  Urethane 

5 

Wool -Nylon 

None 

Celiox  101 

F.  R.  Urethane 

6 

Wool -Nylon 

None 

Norfab  11  HT-26-AL 

F.  R.  Urethane 

7 

Wool -Nylon 

Cotton-Musl in 

Vonar-3 

N.  F.  Urethane* 

8 

Wool -Nylon 

None 

Norfab  11  HT-26-AL 

N.  F.  Urethane 

9 

Wool -Nylon 

None 

None 

LS  200  Neoprene 

10 

Wool -Nylon 

None 

None 

Polyimide 

11 

Polyester 

None 

None 

Polyimide 

12 

Wool -Nylon 

None 

Norfab  11  HT-26 

F.  R.  Urethane 

13 

Wool -Nylon 

None 

PBI 

F.  R.  Urethane 

*F.  R.  Urethane  (Fire  Retarded  Urethane) 

N.  F.  Urethane  (Non-Fire  Retarded  Urethane) 


28 


TADIC  0 

TABLE  2 
MATERIAL 


Material 

Source 

#2043  urethane  foam,  fire-retardant  (FR), 

0.032  g/cm3  (2.0  lb/ft3)  43  ILD 

North  Carolina  Foam  Ind. 
Mount  Airy,  NC 

Urethane  foam,  non-fire  retardant  (NF), 

0.022  g/cm3  (1.4  lb/ft3)  24-35  ILD 

CPR  Division  of  Upjohn 
Torrance,  Ca. 

Vonar-3,  3/16-inch  thick  with  Osnaburg 
cotton  scrim  (23.5  oz/yd2)  .079  g/cm2 

Chris  Craft  Industries 
Trenton,  NJ 

Norfab  llHT26-aluminized  (12.9  oz/yd2) 

.044  g/cm2,  aluminized  one  side  only 

Amatex  Corporation 
Norristown,  Pa 

Gentex  preox  (celiox)  (10.9  oz/yd2) 

.037  g/cni2,  aluminized  one  side  only 

Gentex  Corporation 
Carbondale,  Pa 

Wool  nylon  (0.0972  lb/ft2)  .0474  g/cm2, 

90°/  wool /1 00%  nylon,  R76423  sun 
eclipse,  azure  blue  78-3080 
(ST7427-115,  color  73/3252) 

Collins  and  Aikem 
Albermarle,  NC 

Vonar  2,  2/16  inch  thick,  .068  g/cm2, 

(19.9  oz/yd2)  osnaburg  cotton  scrim 

Chris  Craft  Industries 
Trenton,  NJ 

LS-200  foam,  3/8"  thick  (33.7  oz/yd2) 

.115  g/cm2 

LS-200  foam,  3-4  inches  thick  (7.-.  lb/ft3) 

0.12  g/cm3 

Toyad  Corporation 
Latrobe,  Pa 

Polyimide  Foam  (1.05  lb/ft3)  .017  g/cm3 

Solar 

San  Diego,  Ca 

100%  polyester 

(10.8  oz/yd2)  .037  g/cm2 

4073/26 

Langenthal  Corporation 
Bellevue,  Wa 

Norfab  11 HT26 

Approximately  (11.3  oz/yd2)  .038  g/cm2 

Gentex  Corporation 
Carbondale,  Pa 

PB I 

Woven  Cloth 

Approximately  (10.8  oz/yd2)  .037  g/cm2 

Calanese  Plastic  Company 
Charlette,  NC 

SECTION  4 
TEST  PROGRAM 


Test  Setup 

All  tests  were  conducted  within  the  Cabin  Fire  Simulator  (CFS).  The 
CFS  is  a  double-walled  steel  cylinder  12  feet  in  diameter  and  40 
feet  long,  with  a  double-door  entry  airlock  at  one  end  and  a  f u  11- 
diameter  door  at  the  other.  It  is  equipped  with  a  simulated  ventil¬ 
ation  system  and,  for  environmental  reasons,  all  exhaust  products 
are  routed  through  an  air  scrubber  and  filter  system.  A  view  port 
in  the  airlock  door  allows  the  tests  to  be  monitored  visually.  The 
radiant  heat  panels  used  in  these  tests  were  positioned  as  shown  in 
Figures  1  and  2. 

The  radiant  panels  consisted  of  46  quartz  lamps  producing  a  10  watt/ 
square  centimeter  heat  flux  at  6  inches  from  the  surface  of  the  panels 
Prior  to  testing,  the  heat  flux  upon  the  cushion  surface  was  mapped 
using  calorimeters.  Figure  3  shows  the  positions  at  which  heat  flux 
measurements  were  taken  and  their  recorded  values. 

Instrumentation 

The  relative  location  of  instrumentation  for  the  tests  is  shown  in 
Figure  4. 

Post  test  still  photographs  were  taken  for  each  seat  construction. 
These  photographs  are  located  in  Appendix  A.  In  addition,  a  video 
recording  was  made  during  each  test. 

Thermal  Instrumentation 

Temperatures  were  obtained  using  chromel-alumel  thermocouples  placed 
within  the  seat  constructions.  The  number  of  thermocouples  varied 
between  2  and  3  per  cushion  depending  on  whether  or  not  a  fire 
blocking  layer  was  used  (Figure  5).  In  the  CFS,  chromel-alumel 
thermocouples  were  located  along  the  ceiling  and  at  the  cabin  air 
exhaust  outlet.  Two  heat  flux  sensors  were  installed  facing  the 
seat  assembly.  The  upper  calorimeter  was  used  to  monitor  the  heat 
flux  given  off  by  the  radiant  panels  to  insure  consistency  among 
tests.  The  thermocouple  and  calorimeter  signals  were  fed  through 
a  Hewlett-Packard  3052A  Automatic  Data  Acquisition  System  which 
provided  a  real-time  printout  of  data  (Figure  6). 
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FIGURE  1  TEST  STEUP 
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SECTION  5 
TEST  RESULTS 


A  total  of  23  full-scale  cushion  burn  tests  were  conducted.  Each 
seat  construction  listed  in  Table  1  was  tested  twice  with  the 
exception  of  constructions  8,  11,  12  and  13.  For  these  constructions, 
only  enough  material  for  one  test  was  available.  However,  when  two 
tests  of  the  same  construction  were  made,  the  results  were  identical 
and  therefore  a  third  test  was  considered  unnecessary. 

The  purpose  of  these  tests  was  to  investigate  the  burning  character¬ 
istics  of  cushion  employing  fire  resistant  designs.  It  was  the 
peculiar  designs  and  how  the  materials  were  used  which  were  evaluated 
and  not  so  much  the  individual  materials  themselves.  To  give  an 
example,  construction  number  2  was  designed  to  employ  one  layer  of 
Vonar-3  as  a  fire  blocking  layer.  The  evaluation  of  the  performance 
of  this  cushion  was  not  so  much  decided  on  what  material  was  used, 
Vonar-3,  as  the  way  in  which  it  was  used,  one  layer  as  fire  blocking. 

5.1  General 

The  constructions  tested  can  be  classified  in  four  groups.  These 
groups  are  standard  cushion  construction,  standard  cushion  construction 
with  a  protective  covering  enveloping  the  urethane  foam  core,  standard 
cushion  construction  with  a  protective  covering  enveloping  non-fire 
retarded  urethane  foam  core  and  standard  cushion  construction  with 
the  urethane  foam  core  replaced  by  an  advance  fire  resistant  foam. 

The  test  results  of  these  constructions  is  graphically  provided  in 
plots  presented  in  Appendix  B.  To  aid  in  comparison  of  these 
constructions,  the  peak  values  for  each  test  and  the  time  at  which 
they  occurred  were  taken  from  the  respective  plots  and  are  presented 
in  Table  3.  The  weight  loss  results  are  in  Table  4.  Post-test 
photographs  for  each  construction  are  located  in  Appendix  B. 

5.2  Standard  Seat  Construction 

Construction  number  1  is  representative  of  the  type  of  materials 
most  commonly  used  in  the  construction  of  aircraft  passenger  seat 
cushions.  These  cushions  were  totally  consumed  by  the  fire  in  a 
matter  of  minutes. 

Characteristically,  the  fire-retarded  urethane  foam  thermally 
decomposes  under  the  extreme  heat  into  a  fluid  form  and  subsequently 
to  a  gas.  In  the  fluid  form,  the  urethane  drips  from  the  seat 
cushion  onto  the  floor  forming  a  puddle  or  pool.  This  pool  of 
urethane  fluid  gives  off  gases  which  are  ignited  by  burning  debris 
falling  from  the  seat.  This  results  in  a  very  hot  pool  fire 
engulfing  the  seat  in  a  matter  of  minutes. 


TABLE  3 

DATA  PEAK  VALUES 


TEST  6 


TABLE  3 

PEAK  VALUES  (CONTINUED) 
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5.3  Protected  Fire-Blocked  Standard  Cushions 

The  purpose  of  the  fire-blocking  layer  surrounding  the  urethane 
foam  core  is  to  thermally  isolate  the  foam  from  the  heat  source 
by  either  conducting  the  heat  laterally  away  and  by  providing  an 
insulative  char  layer. 

5.3.1  Aluminized  Fabric 

The  celiox  and  norfab  fire  blocking  constructions  employed  a 
reflective  aluminum  coating  bonded  to  their  outer  surface. 

All  three  constructions  resulted  in  identical  test  results.  These 
constructions  were  unable  to  protect  the  urethane  foam  in  the 
cushions  closest  to  the  radiant  heat  source.  They  were  able  to 
slow  down  the  burn  rate  of  the  urethane  thus  producing  a  less  severe 
fire.  This  fire  was  unable  to  penetrate  the  adjacent  cushions  also 
protected  by  these  materials. 

Characteristically,  in  these  constructions  the  urethane  thermally 
decomposes  within  the  fire-blocking  layer  and  produces  fluids  and 
gases.  The  gas  leaks  through  the  cushion  seams,  ignites,  burn  and 
continues  to  open  the  seams.  This  results  in  a  small  controlled 
pool  fire  burning  within  the  fire-blocking  envelope  with  flames 
reaching  through  the  seam  areas.  The  radiant  heat  source  in 
combination  with  the  controlled  pool  fire,  is  adequate  to  thermally 
decompose  the  urethane  foam  on  the  closest  side  of  the  adjacent 
cushions.  The  heat  source  is  not  adequate  to  ignite  these  gases. 

Reversing  the  edges  at  which  the  seams  were  located,  i.e,  placing 
the  seams  at  the  bottom  edge  instead  of  the  top  edge  of  the  cushion, 
made  no  appreciable  difference  for  the  cushions  adjacent  to  the 
fire  source.  Placing  the  seam  on  the  bottom  edge  of  the  cushions 
farthest  from  the  radiant  panel  helped  to  prevent  the  escaping 
gases  from  igniting,  and  the  seam  from  opening.  All  cushions  using 
this  fire-blocking  material  were  vented  in  the  back  to  prevent 
ballooning  of  the  cushions  by  the  gas  generated  within  them. 

However,  the  decomposed  urethane  tended  to  plug  the  vent  and 
restrict  the  out-gasing.  The  overall  final  appearance  of  the 
cushion  closest  to  the  radiant  panels  showed  a  fragile,  charred, 
empty  fire-blocking  envelope  with  its  seams  burned  open. 

The  final  appearance  of  the  cushions  farthest  from  the  radiant 
panels  showed  a  partially  charred  upholstery  cover.  The  urethane 
cushion  had  some  minor  hollow  spots.  When  the  seams  were  placed 
on  the  bottom  edge  of  the  cushion,  a  fully  intact  fire-blocking 
envelope  remained. 

The  percent  weight  loss  between  the  fire  and  non-fire  retarded 
urethane  cushions  was  small,  as  shown  by  Figure  7. 


TABLE  4 
WEIGHT  DATA 


Cushion 

Weight  Before 

Height 

.  After 

Height  Loss 

Construction 

kg 

(LB) 

k9 

(LB) 

kg 

(LB) 

i 

Test  1 

3.36 

(  7.4) 

0 

(0) 

3.36 

(7.4) 

t 

Test  17 

3.40 

(  7.5) 

0 

(0) 

3.40 

(7.5) 

2 

Test  2 

5.78 

(12.75) 

3.72 

(  8.20) 

2.06 

(4.56) 

2 

Test  4 

5.43 

(11.97) 

3.76 

(  8.3) 

1.67 

(3.67) 

3 

Test  11 

5.22 

(11.5) 

3.27 

(  7.2) 

1.95 

(4.3) 

3 

Test  12 

5.22 

(11.5) 

3.27 

(  7.2) 

1.95 

(4.3) 

4 

Test  3 

5.28 

(11.65) 

3.47 

(  7.65) 

1  .8) 

(4.0) 

4 

Test  10 

5.42 

(11.95) 

3.54 

(  7.8) 

1  .88 

(4.15) 

5 

Test  7 

4.11 

(  9.05) 

3.00 

(  6.62) 

1.11 

(2.23) 

5 

Test  13 

4.17 

(  9.20) 

2.95 

(  6.50) 

1  .22 

(2.70) 

6 

Test  5 

4.26 

(  9.40) 

3.23 

(  7.13) 

1 .03 

(2.27) 

6 

Test  14 

4.23 

(  9.32) 

3.18 

(  7.0) 

1 .05 

(2.32) 

7 

Test  15 

5.10 

(11.25) 

3.8 

(  8.45) 

1.30 

(2.80) 

7 

Test  16 

5.00 

(11.03) 

3.67 

(  8.10) 

1.33 

(2.93) 

8 

Test  18 

3.84 

(  8.47) 

2.74 

(  6.05) 

1.10 

(2.42) 

9 

Test  8 

8.89 

(19.6) 

N/A 

- 

- 

9 

Test  19 

8.62 

(19.01) 

8.0 

(17.65) 

.62 

(1.36) 

10 

Test  9 

2.29 

(  5.05) 

1.63 

(  3.60) 

.66 

(1.45) 

10 

Test  6 

2.94 

(  6.48) 

1.68 

(  3.70) 

1.26 

(2.78) 

11 

Test  20 

1.91 

(  4-20) 

1.66 

(  3.67) 

.25 

(  .53) 

12 

Test  21 

4.13 

(  9.10) 

1.66 

(  3.66) 

2.47 

(5.54) 

13 

Test  22 

4.45 

(  9.80) 

2.72 

(  6.00) 

1.73 

(3.80) 

CUSHION 
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5.3.2  Non-Aluminized  Fire  Blocking 

Constructions  2,  3  and  7  used  Vonar  foam,  construction  4  used 
LS-200  foam,  construction  12  used  non-aluminized  norfab  fabric 
and  construction  13  used  PBI  fabric. 

The  constructions  were  unable  to  protect  the  urethane  foams  in  the 
cushions  closest  to  the  radiant  panels.  However,  they  did  slow 
down  the  burn  rate  of  the  urethane  thus  subjecting  the  adjacent 
cushion  to  a  less  intense  fire. 

The  fire-blocking  foams  performed  much  like  the  aluminized  fabric 
fire-blocking  in  that  even  though  the  heat  was  intense  enough  to 
thermally  decompose  the  urethane  into  a  fluid  and  gas,  the  fire 
blocking  layer  was  able  to  contain  and  subdue  the  burning  uret.har 
Flames  exited  where  the  fire-blocking  char  layer  had  fallen  away. 

The  non-aluminized  norfab  fabrics  were  unable  to  contain  the 
decomposed  urethane.  The  urethane  fluid  dripped  onto  the  floor  w'  ? 
it  pooled  and  ignited.  The  cushions  were  completely  consumed  wh 
this  floor  fire  engulfed  it.  The  overall  final  appearance  of  th 
cushion  remains  closest  to  the  radiant  panels  for  foam  fire  block, ,.g 
constructions  2,  3,  4  and  7  was  thoroughly  charred  fire-blocking 
material  void  of  all  urethane  foam. 

The  final  appearance  of  the  cushions  farthest  from  the  radiant  panels 
were  very  similar.  They  varied  in  the  amount  of  thermal  decomposition 
of  the  urethane  foam  core,  i.e.,  the  size  of  the  void  or  hollowing  of 
the  urethane.  Construction  number  2  using  Vonar-3  material  produced 
the  smallest  amount  of  urethane  decomposition.  It  was  followed  by 
construction  number  4,  3/8  LS  200  neoprene,  and  construction  number 
3,  Vonar-2.  Construction  number  7  used  a  non-fire  retarded  urethane 
with  Vonar-3.  It  did  not  fair  as  well  as  construction  number  2 
employing  fire  retarded  urethane. 

Typically,  the  foam  fire-blocking  layer  adjacent  to  the  urethane 
hollow  spots  were  completely  charred  but  intact. 

5.4  Advanced  Foam 

Construction  numbers  9,  10  and  11  used  advanced  foams  in  place  of 
the  urethane  foam. 

Construction  number  9,  LS  200  neoprene,  produced  a  deep  seated  fire 
which  did  not  produce  a  significant  amount  of  heat  or  flames.  It 
smoldered  long  after  the  test  was  completed  and  required  total 
emersion  in  water  to  extinguish.  This  cushion  had  the  lowest 
weight  loss  as  shown  by  Figure  7.  However,  an  all  LS-200  neoprene 
seat  cushion  would  result  in  a  large  aircraft  weight  impact  because 
of  its  high  density. 


The  foam  in  the  seat  cushion  closest  to  the  radiant  panels  was 
completely  charred  with  the  upholstery  burned  off  of  all  surfaces 
except  the  bottom  and  back. 

The  foam  in  the  seat  cushions  farthest  from  the  radiant  panels 
had  a  thick  char  on  the  edge  closest  to  the  heat  source.  This  char 
gradually  diminished  halfway  across  the  cushions.  The  upholstery 
on  the  back  and  bottom  of  these  cushions  was  not  burned. 

Constructions  10  and  11,  polyimide  foam,  had  different  upholstery 
materials.  Construction  10,  90/10  wool-nylon  upholstery,  performed 
identically  to  a  previous  test  program.  The  cushions  closest  to 
the  radiant  panels  shrunk  to  one-half  inch  in  thickness  or  less  with 
a  char  of  one-quarter  inch  or  greater. 

The  cushion  farthest  from  the  radiant  panels  shrank  to  within  one- 
half  inch  thickness  with  a  char  of  one-quarter  inch  or  less. 

Characteristically,  the  polyimide  foam  thermally  decomposes  by 
giving  off  gases,  and  produces  a  char  layer  as  it  decreases  in  size. 

The  decomposing  of  the  foam  beneath  the  upholstery  on  the  seat 
farthest  from  the  radiant  panel  creates  a  pocket  or  void  where  the 
gases  generated  by  the  foam  accumulates.  When  these  trapped  gases 
burn,  the  foam  further  thermally  decomposes.  Construction  number 
11,  polyester  upholstery,  reacted  differently  from  that  characteristic 
of  construction  number  10.  When  the  radiant  panel  was  turned  on, 
the  polyester  upholstery  on  the  cushion  farthest  from  the  heat  source 
rapidly  decomposed  into  a  liquid  which  dripped  off  the  seat  cushions. 

With  the  upholstery  gone,  the  majority  of  the  gas  from  the  decomporing 
polyimide  foam  escaped  without  igniting.  These  cushions  decomposed 
less  as  exemplified  by  the  small  weight  loss  and  a  thinner  char 
layer. 


SECTION  6 
CONCLUSIONS 


Urethane  foam  decomposes  into  a  volitile  gas  when  exposed  to  a  severe  heat 
source.  If  this  generated  gas  can  be  contained  in  such  a  manner  as  to 
prevent  its  igniting  or  to  control  the  rate  at  which  it  burns,  the  severity 
of  the  fire  will  be  reduced.  This  was  clearly  shown  in  the  testing  of 
standard  cushion  constructions  with  a  protective  covering,  "fire-blocking", 
enveloping  the  urethane  foam. 

When  the  fire  blocking  was  able  to  contain  the  decomposing  urethane  by¬ 
products,  i.e.,  fluid  and  gas,  the  cushions  closest  to  the  heat  source  burned 
with  less  intensity,  generated  a  minimum  of  heat  and  were  unable  to  ignite 
the  adjacent  cushions.  However,  when  the  decomposing  urethane  fluid  was  able 
to  escape  from  the  fire-blocking  envelope  and  pool  on  the  floor,  an  uncontrolled 
fire  erupted  which  resulted  in  total  burning  of  all  cushion  materials. 

Some  of  the  Norfab  and  Celiox  materials  utilized  aluminum  coatings.  It  was 
not  the  aluminums  reflecting  properties  which  made  the  cushions  perform  well 
as  it  was  its  non-permeable  properties.  This  coating  helped  contain  the 
decomposed  by-products  and  prevented  propagation  to  the  adjacent  cushion. 

Had  the  seams  held  and  all  the  gases  vented  out  the  back  of  the  cushions  and 
away  from  the  heat,  the  decomposing  of  the  cushions  may  have  been  even  less 
severe.  Undoubtedly,  the  reflective  properties  had  an  effect  in  slowing 
down  the  decomposing  of  the  urethane,  but  only  by  a  few  seconds.  The  reason 
being  the  emissivity  and  thermal  conductivity  of  the  aluminum  coating  was 
inadequate  to  resist  the  severe  radiant  energy  being  applied  to  the  surfaces. 

The  charred  foam  fire-blocking  layers  did  not  act  primarily  as  a  heat 
barrier  as  they  did  a  liquid  and  gas  barrier.  In  the  cushions  farthest 
from  the  radiant  source,  the  urethane  foam  still  thermally  decomposed.  It 
formed  a  pocket  of  gas  behind  the  intact  charred  envelope.  This  was  verified 
in  post  test  inspection.  However,  the  gas  escaped  slowly  and  only  created  a 
small  pilot  flame.  The  flame  extinguished  itself  when  the  radiant  energy 
source  was  switched  off. 

The  polyimide  cushions  are  examples  of  a  foam  which  thermally  decomposes 
at  high  temperatures  and  generates  gas  and  char  but  no  noticeable  liquids. 

The  wool -nylon  upholstery  trapped  gases  between  itself  and  the  foam.  When 
these  gases  ignited,  the  foam  decomposed  rapidly.  The  polyester  upholstery 
decomposed  from  the  cushions  fast  enough  to  prevent  the  trapping  of  these 
gases.  Subsequently,  the  foam  in  the  cushions  decomposed  at  a  slower  rate. 

From  these  tests,  it  is  concluded  that  no  matter  the  foam  used  as  a  core  for 
the  cushion,  if  the  gases  generated  by  the  foam  can  be  expelled  or  contained 
in  such  a  manner  as  to  prevent  their  burning  or  reduce  the  rate  at  which 
they  burn,  a  severe  fire  can  be  avoided  or  delayed.  It  is  further  concluded 
that  if  the  thermal  decomposition  characteristics  can  be  altered  so  as  to 
slow  down  the  generation  of  gas,  the  time  before  a  fire  becomes  severe  can 
be  extended  to  the  point  where  appropriate  extinguishment  of  the  fire  may 
be  possible. 


SECTION  7 
RECOMMENDATIONS 


It  is  recommended  that  a  study  be  made  tj  incorporate  cushion  designs 
and  fire-blocking  materials  which  are  thermally  stable  and  nonpermeable 
to  urethane  fluids  and  gases  to  prevent  or  reduce  the  rate  at  which  a 
seat  cushion  burns. 

This  study  should  include  considerations  for  wearability  of  fire  blocking 
layers,  fatigue  life  of  cushion  foams  and  methods  of  venting  decomposition 
gases  from  the  cushion  assembly.  Test  results  from  this  program  have 
shown  that  seam  constructions  significantly  affect  cushion  burn  performance. 
Therefore,  seam  constructions  previously  studied  by  the  NASA  seat  program 
should  be  reconsidered  in  future  cushion  designs. 

It  is  also  recommended  to  use  these  studies  as  a  basis  to  develop  a  design 
standard  for  a  fire  resistant  passenger  seat.  This  standard  must  be 
supported  by  inexpensive  laboratory  burn  test  methods  that  can  verify  these 
standards  are  being  met. 


Construction 

Number 

Decorative 

Upholstery 

Slip 

Cover 

F.  B. 

Foam 

1 

Wool -Nylon 

None 

None 

F.R.  Urethane 

2 

Wool-Nylon 

Cotton  Muslin 

Vonar  3 

F.R.  Urethane 

i 

Wool -Nylon 

Cotton  Muslin 

Vonar  2 

F.R.  Urethane 

4 

Wool-Nylon 

None 

3/Y  LS  200 

F.R,  Urethane 

5 

Wool -Nylon 

None 

Celiox  101 

F.R.  Urethane 

6 

Wool -Nylon 

None 

Norfab  11 
HT-26-A1 

F.R.  Urethane 

7 

Wool-Nylon 

Cotton  Muslin 

Vonar  3 

N.F.  Urethane 

8 

Wool -Nylon 

None 

Norfab  11 
HT-26-A1 

N.F.  Urethane 

9 

Wool-Nylon 

None 

None 

LS200  Neoprene 

10 

Woo] -Nylon 

None 

None 

Polyimide 

11 

Polyester 

None 

None 

Polyimide 

12 

Wool -Nylon 

None 

Norfab  11 
HT-26-A1 

F.R.  Urethane 

Configuration  1 


Configuration  2 


Configuration  3 


Configurut ion 


Configuration  5 


Configuration  6 


Configuration  10 


Configuration  12 


CRAD 
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NASA  SEAT  PROGRAM 


PHASE  I 

•  MATERIAL  SCREENING  TESTS 

PHASE  II 

•  MULTIPLE-LAYER  OSU  TESTS 

•  ONBOARD  FIRE  SOURCE  DEVELOPMENT 

PHASE  III 

•  DESIGN  STUDY 

•  ADDITIONAL  MATERIALS  SCREENING  TESTS 

•  ADDITIONAL  MULTIPLE-LAYER  OSU  TESTS 

•  SEAT  DESIGN  GUIDELINE 

•  DISPLAY  SEAT  FABRICATED 

PHASE  IV 

•  CFS  CUSHION  BURN  TESTS 

PHASE  V 

•  CFS  OPTIMIZED  CUSHION  BURN  TESTS 


CFS  INSTRUMENTATION 


AIR  EXHAUST 


AIR  INLET 


LOAD  CELL 


!  1 


SEAT  CUSHION  CONSTRUCTIONS 


CONF 

NO 

“1 

FIRE 

BLOCKING 

— 

CUSHION 

FOAM 

REMARKS 

1 

NONE 

FR  URETHANE 

WOOL  NYLON 
UPHOLSTERY 
(ALL  EXCEPT  NO  11) 

2 

VONAR  3 

FR  URETHANE 

SLIP  COVER 

COTTON  MUSLIN 

3 

VONAR  2 

FR  URETHANE 

7 

VONAR  3 

NF  URETHA“t 

4 

3  8  LS  200 

FR  URETHANE 

5 

CELIOX  101 

13 

PBI 

W  0  ALUM 

6 

NORFAB 

W  ALUM 

8 

NF  URETHANE 

ALL  NF  14  PCF 

12 

NORFAB 

W  O  ALUM 

FR  URETHANE 

ALL  FR  2.0  PCF 

9 

NONE 

LS  200 

ALL  LS  200  7.5  PCF 

10 

POLYIMIDE 

ALL  PI  1  0PCF 

11 

POLYIMIDE 

POLYESTER 

UPHOLSTERY 

TYPICAL  FIRE  INVOLVEMENT 


FIRE-BLOCKING 


BASELINE 


VONAR  2  FIRE-BLOCKING 


TEST  RESULTS  COMPARISON 


TEST  RESULTS  COMPARISON 

POLYIMIDE  FOAM 
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CONCLUSIONS 


FIRE-BLOCKING  ENVELOPES 

•  PROVEN  EFFECTIVENESS 

•  IMPERMEABLE  FABRICS 

•  ENVELOPE  VENTING  SYSTEMS 

•  FIRE-RESISTANT  SEAMS 

•  PROBABLE  WEIGHT  IMPACT 

1.0  POUNDS  PER  SEAT 


RECOMMENDATIONS 


FIRE-BLOCKING -DESIGN  INVESTIGATION 

•  PERMEABILITY  VERSUS  COMFORT 

•  SEAM  CONSTRUCTION 

•  VENTING  METHODS 

•  WEARABILITY 

URETHANE  FOAMS 

•  DECOMPOSITION  CHARACTERISTICS 

•  LOWER  DENSITY  VERSUS  FATIGUE  LIFE 

PRODUCTION  IMPLEMENTATION 

•  DESIGN  STANDARDS 

•  BURN  TEST  METHODS 
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1.0  INTRODUCTION 

INFORMATICS  INC.  has  implemented  an  intar  active  computer  process* 
to  calculate  estimated  costs  for  the  manufacture  and  use  of 
advanced  aircraft  seat  cushion  configurations  that  are  being 
evaluated  bg  NASA-AMES*  CRPO  for  improved  fire  performance 
characteristics.  The  methodologg  mas  originally  developed  by  ECON* 
Inc.*  and  later*  adapted  to  computer  processing  by  INFORMATICS 


2.0  SPECIFICATIONS 

The  cost  set  algorithm  methodologg  has  been  developed  to: 

Provide  user  interactive  computer  processing. 

Serve  as  a  storage  facilitg  for  cushion  configuration  meight* 
cost  and  fire  performance  information. 

Generate  cost  information  for  the  manufacture  and  ram  materials 
of  each  candidate  cushion  configuration  on  a  U.S.  fleetmide 
b  as  i  s . 

Derive  the  meight  impact  and  resulting  fuel  consumption 
sensitivity  of  each  candidate  cushion  configuration  on  a  U.S. 
fleetmide  basis. 


1  Year*  displ aye d 

I  Des ign  code  nos 
Reference 
'  Study 

i  F 1 eet  at  t r i t i on 
I  rate 

liax.  no.  seats 
i  produced/yr 


/Seat  Cushion/ 

I Raa  Material/ 
Cost  Report  I 

jru  Material 
ft  manufacturin' 
Costs  Report 

lu*  i  ght  and 
I Fu« 1  lapact  / 
Report  I 

I6**1  / 

'  Summary  / 
Report  / 


-(Material  density 
iMaterial  cost 
lunit  cost  change/ 

|  volume  cost 
_.Uolume  cost 
7*  change  material 
J\  mfg.  cost/yr 
'  j  Seat  1 1  f  e 
•Seat  weight 
No.  seats  each  A/C 
!•/.  1st  Class 
X  Short  Haul 
[ Fue 1  sens i t i vi  ty 
i  Fue  I  price 
■No.  new  A/C 
| No .  existing  A/C 
I  In  1 1  i  a  1  year 
I  New  A/C  Delivery  Rpt. 

1  Fleet  Projection 
!  no  .  years  spanned 
j  in  reports 
Mnfg.  costs  or  factors 
and  Ref. Code  no. 


«  Reports  described  i  r.  dser  Manual  Section  4 

»»  XFILE  records  nimp.com  described  in  User  Manual  Appendix  8 


*  Reports  described  in  User  Manual  Section  4 

•»  xfile  records  name. com  described  in  user  Manual  Appendix  B 


SCAT  CUSHION  DESIGN  SYSTEM 
DATA  FLOW 


Requ i red 

St  at  Ciatftiioni 
by  seat  type 
by  seat  part 


Density  Choice 


Op  t ion  al 


Design  code  no. 
Reference  code  no. 


►' 


Progr as 
LBS 


Aircraft  name 
Number  of  engines 
Avg  no.  seats 
x  1st  class  seats 
X  short  haul  seats 
Height  to  fuel 
sens i t i vi ty 


Aircraft 
.'Character 
Report  / 


r* 


Program  |  1  IM’ 

ACCHRC  i-— - 


-►-Me  igh  tree. coo 


Seat  d  nens  ions 
Material  density 


hretr .cos 


Initial  year 

Fuel  cost  initial  yr 

Yearly  cost  changr  X 


Initial  year 

No.  years  spanned 

Number  of  aircraft 

by  type 
by  year 


Progr ai 
GASCST 


►  ■  Program  , 
FLTPRJ  p- 

_ _ H 


Price 

Report 


Fleet  / 

Project  ion 


►-Fue icost . coe 


Fleet . com 
(Aircraft  name  1 
(no  .  engines 


«  Reports  described  in  User  Manual  Section  4 

mm  XFILE  records  name.coi  described  in  User  Manual  Appendix  B 


SEAT  CUSHION  DESIGN  SYSTEM 
DATA  FLOW 


US«H__lQ£Ui 

Required  Opt ional 

Mater  i  a  1  Code  No.-™  “Product  No. 

Material  Density  Supplier  Code  no. 

Material  Cost  (Density  mlth 

,  Fire  Retardant 
unit  cost  change/’ 
uolume  cost 
Uolume  Cost 
x  Cost  Change^yr 
Product  Description 
Material  Name 


Progr am 
ADDMAT 


/Seat 

I  Material j 
Layer  / 
Report  / 


I 


Supp I i ers j 
Report  j 

Supplier  Code  No.  Address  Street  I  f  •— —  -  / — - ~~J 

Address  Name  Address  City  ▼ 

Address  State  .  Program 

Address  Zip  Code  ADDSUP 

Contact  Name 

Phone  no.  .  _ 


Pr  ogr  am 
j*  ADDSGN 

j  costs  or  f  ac  tor  s 
|  Reference  code  no. 
if  factors 

I  Seat  1  if e  I 

three  parts 


Design  Code  no . 
|  Hater i a  I  Code 
|  each  layer 
nanu  f  ac  t  ur i ng 


HDOT  test  values 
Ild  test  values 
xchange  mfg  cost/yr 


Seat 
Des ign 
Report 

T 


*4 


mm 

XF1LJL 


_ ^  Mtr Irec . com 


^  Supplyrec.com 


>  Configrec.com 
Mater i al  name 


Reports  described  in  user  Hanual  Section  a 

xriLC  records  n4m0.com  described  in  user  Hanual  Appendi*  8 


SEQUENCE  Of  EXECUTION 


COSTS 


FICUW  3.1.2 


...  J  iL  :  _L'  j •  <  •  Hit1'*  \  LtHIh 

hi’L*  :  i  X  '.IVH  X  UiLilH  ♦  *  DiPTH  ♦  LtNG'n  X 


oAbls1  PKOGKAn 

LQbr  Hiu  :  COS-  010  *  'CQbi  OLD  X  WA*.v  MASE'lWt 
LBS  N%KAT 

;H-.-  AV;.m  •  •  Aklf. 


'■Ll'VjN 


OHUINU  :  flu*  RM[  /  nooi 

POJUGtlt  !LD  :  ILD  *  ( F AC T OR  X  ICO) 

-ODIN  PVGGkMT 

JOU*lt  :  LENGTH  X  HllllH  X  DEPTH 

xUWRU  HFES  :  i  <  .LENGTH  X  U101H  t  WIDTH  X  DEPTH  t  LENGTH  X  DE 

.  k i* VI 

.;al  MU  ,;j|  ‘  ■  CUS T  lLi-  X  ‘'.YtAKLY  INCREASE '1«0) 


.bb  ►MjkhP 


bUWACE  *PCA  :  l.di  X  ARIA)  ♦  AKtA 

HEIGHT  :  DlNGIIY  X  SHE* 

HEIGHT  :  UENSIIr  X  (ML  LINE 
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?Ki  ric-N 


OP! iCN 


. . -DIRECT  INPOl 
...PRUUKAfl  CONAJTCS 

*/;.  411VI '  10NED  :  M/UTtAR)  *  8NtL  A  rMW‘  '  80/CtriAR*' 
:*.AI3  :  «/'.  X  SStft'S  PM  A/C 
.  rV.  :  Sbiiib  At '»!!!'/>*.  ••  1  V  8Si.AiS>Tt« 


.Jb:  SCSI  :  bcA!  ARIA  X  COST/UNH  ARCA 
PLASLY  i.0S!  :  SLAT  DCHAND  X  COSI/SCA! 

ITANUf  ACIURlhli  COSTS 

COST/StAT  :  3  X  COSI/CUSHION 
YEARLY  COS!  :  SLAT  DEMAND  X  COSI/SCAT 

PROJECTIONS 

COSUYRill  --  LOST R YR 5  X  U  -  XYEARLY  COST  CHANOC/10U) 


tlAllRIAl  COST  SCCCCUON 

*  :  NX  *  8 
ifire  i  ■■  i  se*ts 
<  :  unit  cost 

«SCA!S  FOR  1  UNIT  COST  BREAK  I  CHANGE  I  SCATS) 

•SCATS  OF  1  UNIT  NTRL  :  DOC  COST/IBASC  UNIT  COST  -  CHANGC  UNIT  COST) 
SCORE 

SCOPCIN)  :  CHANOt  «  SCATS/  CHANGC  UNIT  COST 
INTC.TCCPT 

INTERCEPT(B)  :  -ISIOPC  X  (BASIC  UNI!  COS!  -  CHANGC  UNI T  COST))  ♦  ISCA 
•fifrf  as? its  :  I  SCAIS  OF  1  UNI!  HIM. 

'  NPUIC  UNI  f  COj! 


i  :  ii-Bi -N 

UN!'  iOS'  :  (ISCAIS  •  INTERCEPT J/SCOPE 
»*rf  asms  :  1st  its  aeima  i  turn  is  tittrui 
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SEAT  DEHAND  DATE!  6/D1/B2 


YEAR 

COACH 

SHORT  MAUI 

1ST  CLASS 

1982 

74842 

0 

6680 

1983 

84944 

0 

7558 

1984 

83587 

0 

7264 

1985 

83848 

0 

7285 

1984 

75084 

0 

6523 

1987 

80454 

0 

7009 

1988 

87390 

0 

7594 

1989 

85009 

0 

7307 

1990 

89404 

0 

7768 

1991 

83319 

0 

7240 

•Method  u»#d  for  d»»*nd  wot  GRAD 


NEW  AIRCRAFT  DEI  I VERY  TO  U.S.  A  i  R'  C  ARR'If  R  FLEET 
AS  OF  l»AU:  f/17/82 


A/f 

70 

79 

80 

81 

02 

83 

84 

85 

86 

8' 

98 

89 

90 

91 

92 

2-ENGINE 

P  737 

0 

0 

20 

15 

10 

10 

10 

10 

10 

0 

0 

0 

0 

0 

C 

PC  9 

0 

0 

1 1 

20 

10 

20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

A300 

0 

0 

8 

5 

1 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

P  757 

0 

0 

0 

0 

0 

0 

0 

20 

20 

20 

20 

20 

20 

20 

?‘> 

P  ’67 

0 

0 

0 

0 

0 

48 

42 

45 

10 

13 

14 

7 

10 

1 1 

12 

total 

0 

0 

J9 

40 

-’1 

82 

67 

90 

55 

48 

49 

42 

15 

46 

47 

j  engine: 

P  ’27  0 

0 

81 

60 

50 

50 

50 

40 

30 

10 

0 

0 

0 

0 

0 

iion 

0 

0 

10 

0 

2 

4 

5 

5 

5 

5 

0 

0 

0 

0 

0 

PC  10 

0 

0 

15 

2 

2 

7 

5 

5 

0 

0 

0 

0 

0 

0 

0 

TOTAL 

0 

0 

106 

62 

54 

61 

60 

50 

35 

15 

0 

0 

0 

•) 

0 

4  ENGINE 

P-707 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•  -720 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•  -747 

0 

0 

8 

2 

•> 

0 

2 

0 

4 

5 

5 

6 

6 

10 

8 

DC -8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TOTAL 

0 

0 

8 

2 

0 

0 

\ 

5 

5 

6 

6 

10 

8 

A/C  78 


2  engine: 

•  737  135 

PC  9  J69 

A  300  7 

8-757  0 

8-767  0 

TOTAL  511 


j  engine: 

p  7?  7  099 

11011  90 

PC  10  IJ2 

1 0  T  AL  1121 


4  f  NG ini: 

9  707  211 

•  720  9 

•747  103 

PC-8  123 

TOTAL  446 


U.  S.  AIRCRAFT  FLEET  FROJECTIOMS 


79 

80 

AS 

01 

of  date: 

02  63 

4/  9/02 

04  05 

06 

87 

08 

89 

90 

91 

9? 

1 56 

152 

160 

162 

166 

1  7 1 

177 

177 

177 

177 

177 

177 

177 

1  77 

365 

370 

309 

390 

404 

414 

421 

423 

423 

423 

425 

430 

4  30 

7 

15 

20 

21 

25 

30 

35 

40 

45 

50 

55 

60 

65 

0 

0 

0 

20 

40 

60 

80 

100 

120 

140 

0 

0 

0 

0 

40 

90 

135 

145 

158 

172 

179 

189 

200 

:  1  2 

520 

537 

569 

573 

643 

705 

708 

025 

863 

902 

9  36 

976 

1012 

1  0  49 

990 

1042 

1050 

1059 

1070 

1004 

1090 

1095 

1094 

1093 

1091 

1090 

1088 

1006 

84 

94 

94 

96 

100 

105 

l  10 

1 1 2 

112 

112 

112 

112 

140 

149 

151 

151 

158 

160 

16? 

16? 

16? 

16? 

162 

162 

162 

16.' 

1214 

1285 

1295 

1306 

1320 

1349 

1370 

1369 

1368 

1367 

1  365 

1364 

1  362 

1  360 

1  70 

14? 

140 

124 

100 

75 

60 

60 

60 

60 

55 

55 

50 

•»o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  1  7 

120 

1  30 

13? 

132 

134 

134 

138 

143 

144 

150 

1 5 1 

161 

163 

130 

105 

105 

105 

105 

105 

90 

98 

98 

90 

98 

98 

96 

439 

.175 

3  75 

36  1 

337 

314 

29? 

?96 

30  I 

30? 

303 

304 

307 

J09 

1 28 


FUEL  COST  PROJECTION  ( 9/GAL )  DATE!  6/21/82 


31  82  83  84  BS  86  82 


1.00  1.05  1.10  1.16  1.22  1.28  1.34  1.41  1.48  1.55 


91  92  93  94  95 


1.63  1.71  1.80  1.89  1.98 


AIRCRAFT  CHARACTERIZATION  FILE 


ESTIMATED 
X  WEIGHT  TO 

SHORT  MAUL  FUEL  IZHSITlVITT* 


•  Additional  ••lion*  Tutl  c«mu*«4  to  carry 
1  It.  Of  tNCfll  hoi thl  on  on*  a i rot  an*  Tot 
on*  wtar. 


SCAT  CUSHION  MIIOMT  R£R  CUSHION  0*1*!  4/21/02 


SCAT  CUSHION  OCSION  NUMSCA.'  009 
VS. 

SCAT  DCSION  REFERENCE  MUMDC*:  001 


LIS  SIM  LDS  iLDS  Lit  »LSS  LDS  *L»S 


coach: 

1.94  0.30 


SHORT  haul: 
1.94  0.30 

1ST  class: 
2.12  0.33 

•  DELTA  WC1QHT 


CNS  OF  THE  HCIOHT  RCRORT 


3.34  0*24 


3.34  0.24 


3.42  0.23 


SCAT  CUSHION  DIMENSIONS  DATE:  A'?!/!? 


LCNOTH  NIOTH  DEATH 
SACK! 

<11.0  I  20.0  X  2.0  IN) 
AMCAI  *72.0  SO  IN 
VOLUME!  720.0  CU  IN 

SHORT  HAUL  SCAT: 

(10.0  X  20.0  X  2.0  IN) 
ARCAI  072.0  SO  IN 
VOLUME >  720.0  CU  IN 

1ST  CLASS  scat: 

(10.0  X  22.0  X  2.0  IN) 
AREA  I  932.0  SO  IN 
VOLUME!  792.0  CU  IN 


LENGTH  MIDTH  DEC TH 

sot  tom: 

<20.0  X  22.0  X  4.0  IN) 
AREA:  1214.0  SO  IN 

VOLUME :  1740.0  CU  IN 


<20.0  X  22.0  X  4.0  IN) 
AREA:  1214.0  SO  IN 

VOLUME)  1740.0  CU  IN 


24.0  I  4.0  INI 
1312.0  SO  IN 
1920.0  CU  IN 


LENGTH  WIDTH  DEATH 
HEADREST : 

<10.0  X  0.0  X  3.0  IN) 
area:  340.00  SO  1 H 

VOLUME:  720.00  CU  IN 


(10.0  X  0.0  X  3.0  INI 
AREA:  341.00  SO  IN 

VOLUME;  720.00  CU  IN 


<10.0  X  10.0  X  3.0  INI 
AREA:  440.00  SO  IN 

VOLUNC:  900.00  CU  IN 


END  OF  SCAT  CUSHION  DIMENSION  RE FOR  T 


jll  L. 
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SCAT  CUSHION  RAW  MATERIALS  COST  ‘62 

SmAX  Dttign  NuaDar:  669  Data:  6^22/82 

■•'trial  cost  DAtad  on  tt«t  daaand  aathod:  08A0 


BACK 

COST  DC OS  T 


COACH: 

38.17  14.53 

SHORT  HAUL: 

38.1?  14.53 

1ST  CLASS: 

32.95  15.9? 


BOTTOM 

COST  DCOS7 

42.71  28.69 

42.71  28.69 

46.18  22.34 


HEADREST 
COST  DCOST 

19.19  9.28 

19.19  9.28 
22.46  18.88 


total 

COST  OCOS7 

92.87  44.58 

92.87  44.58 

181.51  49.88 


•  Da  1 1  a  cost  it  CAlculAtad  aitn  rtspact  to 
••Taranca  Saat  Cutnion  881  coat. 


SCAT  CUSHION  HANUF ACTUS I HQ  COST  '82 


So  at  D*f i gn  Nuatoar:  009  Data:  6/22^02 

Rtftrtnct  Dtstgn  Muabtr:  001 


OESION 

8  009 


LABOR  IS. 
DEVELOPMENT  6. 
OUERHEAD  6. 

TOTAL  27. 


REFER. 

DESIGN  DELTA 

IS.  0. 

6.  0 

6.  0 

27.  0. 


*Nota:  Cost  to  Ranufactura  muam  s««a  for 
Coach*  Short  Maul  and  1st  Clast*  and 
Back*  Bottoa  and  Haadrast  cushions. 


Costs  f or  study  dasign  009  DATE:  6^22^02 

RAH  MATERIAL  AND  MANUFACTURING  COSTS 


METHOD:  GRAD 


COACH  SHORT  MAUL  1ST  CLASS 


YEAR 

RM 

MFG 

RM 

MFG 

RM 

MFG 

TOT  RM 

TOT  MFG 

TOTAL 

1902 

11104. 

9839. 

0. 

0. 

1072. 

056. 

12256. 

10694. 

22950. 

1903 

1 1 993 . 

10591. 

0. 

0. 

1150. 

917. 

13143. 

11460. 

24611. 

1904 

11572. 

10180. 

0. 

0. 

1109. 

005. 

12601. 

11066. 

23747. 

1909 

12337. 

10053. 

0. 

0. 

1103. 

944. 

13519. 

11797. 

25316. 

1966 

12339. 

10055. 

0. 

0. 

1103. 

944. 

13522. 

11799. 

25320. 

1987 

11884. 

10455. 

0. 

0. 

1139. 

909. 

13023. 

11364. 

24307. 

1908 

12779. 

11242. 

0. 

0. 

1225. 

078. 

14004. 

12220. 

26224. 

1989 

12830. 

1 1 294 . 

0. 

0. 

1231  . 

902. 

14060. 

12276. 

26344. 

1990 

12541  . 

11032. 

0. 

0. 

1202. 

959. 

13743. 

11992. 

25735. 

1991 

1 3558 . 

11927. 

0. 

0. 

1300. 

1037. 

14050. 

12965. 

27022. 

•Costs  in  thousands  o#  dollars 
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WEIGHT  AND  FUEL  IMPACT 


Design  no.  809 
Year  wt»ght 

Date: 
Gal  1 ons 

•  •• 

6 '22/02 

Cost 

1902 

40291 . 

745. 

702. 

1903 

143890. 

2289. 

2435. 

1964 

233793. 

3604. 

4172. 

1903 

208960. 

4323. 

5254. 

1966 

267851 . 

4411. 

5630. 

1907 

292742. 

4492. 

6020. 

I960 

297901 . 

4568. 

6420. 

1909 

383155. 

4642. 

6050- 

1998 

309812. 

4728. 

7334. 

1991 

314906. 

4015. 

7043. 

*Sf it  dtaand  based  on  GRAD  Method. 

•Delta  cost  with  respect  to  reference  design  081 
•Costs  in  thousands  of  dollars. 

•Gallons  in  thousands  of  gallons. 


COST  SUMMARY  REPORT 


CODED  001 

UONAR3 
CODED  002 

NORFAB 
CODED  009 

NORFAB  LIGHT 
CODED  812 

CODED  809 

METHOD 

SEATLIFE 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

COST  TO  FL Y ( 1 986 ) 

51566. 

04139. 

57196. 

50889. 

57196. 

COST  TO  BUY (1906) 
MATERIAL 
MANUFACTURING 

6986. 

11799. 

7634. 

11799. 

13522. 

11799. 

13312. 

11799. 

1 3522 . 

1 1 799 . 

TOTAL  COSTS< 1986 ) 

70351. 

103571 . 

82516. 

75288. 

82516. 

DELTA  COST-FLY< 1986 ) 

0. 

32372. 

5630. 

-1477. 

5638. 

DELTA  COST -BUY ( 1986 ) 

0. 

640. 

6536. 

6326. 

6536. 

DELTA  C0STSM986) 

0. 

33220. 

12166. 

4849. 

12166. 

AUG'D  OUER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621. 

0. 

103791  . 
31170. 

84413. 

11792. 

77544. 

4923. 

*•  *.  3. 

12. 

•Costs  m  thousands  of 

dollars. 

I  >L 


COST  SUMMARY  REPORT 


CODCM  Ml 

U0NAR3 
CODER  ai2 

NORFAB 
CODER  BB9 

NORFAB  LIGHT 
CODER  812 

CODER  881 

he  TMOD 

SEATLIFE 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

COST  TO  FLY < 1986 > 

sisss. 

B4139. 

57196. 

5M89. 

51566. 

COST  TO  BUY ( 1 986 > 
MATERIAL 
MANUFACTURING 

6986  ■ 
11799. 

7634. 

11799. 

13312. 

11799. 

13312. 

11799. 

6986. 

11799. 

TOTAL  COSTS ( 1906  > 

7B3S1. 

IB3571 . 

82387 . 

75288. 

78351 . 

DELTA  COST -FLY < i 966 ) 

a. 

32572. 

5638. 

-1477. 

8. 

DE^TA  COST -BUY  <  1986 > 

e. 

648. 

6326. 

6326. 

8. 

DELTA  COSTS ( 1 986 ) 

B. 

3322B. 

11956. 

4849. 

8. 

AUO'D  OUER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

7262 1 • 

a. 

183791 . 
3117B. 

84284 . 

11583. 

77544. 

4923. 

72621 . 

8. 

•Costs  in  thousands  of  dollars. 


COST  SUMMARY  REPORT 


CODER  Ml 

U0NAR3 
CODER  882 

NORFAB 
CODER  889 

NORFAB  LIGHT 
CODER  812 

CODER  882 

METHOD 

SEATLIFE 

GRAD 

3  YR6 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

ORAD 

3  YRS 

COST  TO  FLY (1986) 

51566. 

84139. 

57196. 

SM89. 

84139. 

COST  TO  BUY (1986) 
MATERIAL 
MANUFACTURING 

6986. 

11799. 

7634. 

11799. 

13312. 

11799. 

13312. 

11799. 

7634. 

11799. 

TOTAL  COSTS! 1986  > 

78351. 

183571. 

82387. 

75288. 

183571. 

DELTA  COST-FLY <19861 

a. 

32572. 

5638. 

-1477. 

32572 . 

DELTA  COST -BUY (1986) 

a. 

648. 

6326. 

6326. 

648. 

DELTA  COSTS! 1986 ) 

8. 

33228. 

11956. 

4849. 

33228 . 

AUO'D  OUER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621. 

8. 

183791. 

31178. 

84284. 

11583. 

77544. 

4923. 

183791. 

31178. 

■Costs  m  thousands  of  dollars. 


COST  SUMMARY 

REPORT 

CODER  Ml 

U0NAR3 
CODER  882 

NORFAB 
CODER  889 

NORFAB  LIGHT 
CODER  812 

CODER  M3 

METHOD 

SEATLIFE 

ORAD 

3  YRS 

GRAD 

3  YRS 

ORAD 

3  YRS 

GRrfD 

3  YRS 

GRAO 

3  YRS 

COST  TO  FLY ( 1 986 ) 

51566. 

84139. 

57196. 

58M9. 

74798. 

COST  TO  BUY (1986) 
MATERIAL 
MANUFACTURING 

6986. 

11799. 

7634. 

11799. 

13312. 

11799. 

13312. 

11799. 

7278. 

11799. 

TOTAL  COSTS! 1986) 

78351. 

183571 . 

82387 . 

75288. 

93819. 

DELTA  COST -FLY (1986) 

a. 

32572. 

5638. 

-1477. 

23184. 

DELTA  COST -BUY! 1986 ) 

9. 

648. 

6326. 

6326. 

284. 

DC l T A  COSTS! 19861 

8. 

33228. 

1 1 956 . 

4849. 

23468. 

AWG'O  OUER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621 

8. 

183791 

31178 

84284 . 
11583 

77544. 

4923. 

94638 . 
22M9. 

•Cotta  m  moutanda  of 

dot  i  ar  a  . 
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COST  SUMMARY  RCPORT 


CODES  Ml 

UONAR3 
CODES  882 

norfab 

CODES  889 

NORFAB  LIGHT 
CODES  812 

CODES  884 

NCTHOD 

SEATlIFE 

GRAD 

3  YRS 

GRAD 

3  YRS 

ORAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

1  YRS 

COST  TO  FLY* 1986) 

31566. 

84139. 

37196. 

SMBS. 

163879. 

COST  TO  8UY*1986) 
MATERIAL 
MANUFACTURING 

6986. 

11799. 

7634. 

11799. 

13312. 

11799. 

13312. 

11799. 

7138. 

11799. 

TOTAL  COSTS* 1986) 

78331  - 

183371 . 

82387. 

79288. 

182813. 

OCLTA  COST-FLY* 1986 > 

8. 

32572. 

5638. 

-1477. 

111312. 

DELTA  COST -BUY* 1986) 

S. 

648. 

6326. 

6326. 

132. 

DELTA  COSTS* 1986 ) 

8. 

33228. 

1 1936 . 

4849. 

111663. 

AUG'D  ODER  PROJECTION: 
TOTAL  COSTS 

delta  costs 

72621. 

8. 

183791 . 

31 178. 

84284. 

11583. 

77344. 

4923. 

177272. 

184632. 

•Costs  in  thousands  of 

do  I  1  ar  s . 

COST  SUMMARY 

REPORT 

CODES  Ml 

OONAR3 
CODES  882 

NORFAB 
CODES  889 

NORFAB  LIONT 
CODES  812 

COOES  883 

method 

SEATHFC 

OR  AD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

COST  TO  FLY  *  1986 ) 

31366. 

84139. 

37196. 

5M89. 

63446. 

COST  TO  RUY ( 1 986 ) 
MATERIAL 
MANUFACTURING 

6986. 

117*9. 

7634. 

11799. 

13312. 

1 1 799 . 

11312. 

11799. 

13453- 

11799. 

TOTAL  COSTS* 1986) 

78331. 

183571 . 

82387. 

73288. 

88697 . 

DELTA  COST -FLY* 1986) 

8. 

32372. 

3638. 

-1477. 

11879. 

DELTA  COST-BUY* 1986) 

8. 

648. 

6326. 

6326. 

6467. 

DELTA  COSTS* 1986) 

8. 

33228. 

11936. 

4849. 

18347. 

AUG'D  OUCR  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

7Z621. 

8. 

183791 . 
31178. 

84284. 

11583. 

77344. 

4923. 

98281 . 

17381 . 

•Costs  in  thousands  of  dollars. 


COST  SUMMARY  REPORT 


CODES  Ml 

U0NAR3 
CODES  882 

NORFAB 
CODES  889 

NORFAB  LIGHT 
CODES  812 

CODES  886 

HE  THOD 

SEATLIFE 

ORAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

COST  TO  Fly* 1986) 

31366. 

84139. 

37196. 

38889 

63829. 

COST  TO  BUY* 1986> 
MATERIAL 
MANUFACTURING 

6986. 

11799. 

>634  . 
11799. 

13312 

11799. 

13312. 

11799. 

13233. 

1 1 799 . 

total  COSTS* 1986) 

78331. 

183371 . 

82387. 

75288. 

••M2. 

DELTA  COST-FLY* 1 9S6 > 

8. 

32372 

3638. 

-1477 

12263. 

01  •  1  A  i  list  S*|<(  |<»H6  i 

8 

(■48 

6  326 

6326 

6269 

*•1  1  In  •  *  Nth-  • 

8 

*  l.VB 

1  1 

484*1 

I8h  »/ 

AUu’li  U«t  M  PRO  11*11  ON 
IOIAI  «OSTS 

DEL  TA  COSTS 

72621 

9. 

18  1791 
JU7« 

84  284 

1 1  503 

77344 

4923 

98362 

1 7742. 

•Costs 


thousands  of  dollars. 
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hCTmod 

SCATLIFC 


COST  TO  FLYd900> 

COST  TO  BUYdOOO) 
HATCH I AL 
HANUF  AC  TO*  I  HO 

TOTAL  COSTSdSOO) 

DCLTA  COST -yl  Yd  900) 

DELTA  COST  -  BUY  (  IW) 

DCLTA  COST$<  1 9M  > 


AUG'D  OUCH  PHOJCCTION: 
TOTAL  COSTS 
DELTA  COSTS 

•Costs  »n  thousands  of 


HCTHOD 

SCATLIFC 


COST  TO  FLVd900> 

COST  TO  HUY  < 1986 ) 

HATCH I AC 
HAMUT ACTUHIHG 

TOTAL  COSTS<  1990  > 

DCLTA  C0ST-FLYd900) 

DCLTA  COST  -  SUY 1 1 9M  > 

DCLTA  COSTS d 900) 


AUO'O  OUCH  PHOJCCTION: 
TOTAL  COSTS 
DCLTA  COSTS 

•Costs  in  thousands  of 


HCTHOD 
SCATL  IFC 


COST  TO  FLY(ISSS) 
COST  TO  BUVd900> 

hatchial 

HAHUFACTUHIHO 
TOTAL  COSTSdSOO) 
DCLTA  COST -FL V ( I 9SS  > 
DELTA  COST -SUY  ( 1900  > 
DELTA  COSTSdSOO) 


AUO'D  OUCH  PHOJCCTION: 
TOTAL  COSTS 
DCLTA  COSTS 

•Costs  ♦ «  thousands  of 


COST  SUHHAHY  HCPOHT 

UONAH3  NOHFAB  NOHFAS  LIGHT 


CODES  SSI 

CODES  OSH 

CODCO  009 

CODCO  012 

CODCO  007 

OHAD 

9  YHS 

OHAD 

9  YHS 

OHAD 

3  YHS 

OHAD 

3  YHS 

OHAD 

3  YHS 

S1SS4. 

04 1 39 . 

57190. 

50009. 

59005. 

S9SS. 

1 1799. 

7034. 

It 70S. 

13312. 

11709. 

13312. 

11799. 

12494. 

11799. 

roast. 

103571 . 

02307 . 

75200. 

04090. 

s. 

32572. 

5030. 

-1477. 

0239. 

o. 

64S. 

0320. 

0320. 

5509. 

o. 

33220. 

11950. 

4049. 

13747. 

72021. 

s. 

103791 . 
31170. 

04204. 

11503. 

77544. 

4923. 

05034. 

13213. 

I  I 


COST  SUHHAHY  HCPOHT 


CODCO  001 

U0NAH3 
CODCO  002 

NOHFAB 
CODCO  009 

NOHFAB  LIGHT 
CODCO  012 

CODCO  000 

GOAD 

3  YHS 

OHAD 

3  YHS 

OHAD 

3  YHS 

GHAD 

3  YHS 

GHAD 

3  YHS 

51500. 

04139. 

57190. 

50009. 

77500. 

0900. 

11799. 

7094. 

11799. 

13312. 

11799. 

13312. 

11799. 

7091. 

11799. 

70351. 

103571. 

02107. 

75200. 

90995. 

0. 

32572. 

5030. 

-1477. 

25940. 

0. 

040. 

0320. 

0320. 

705. 

0. 

93220. 

11950. 

4049. 

20045. 

72021. 

0. 

103791. 

31170. 

04204. 

11503. 

77544. 

4923. 

97032. 

25012. 

I Isrs. 


COST  SUHHAHY  HCPOHT 


UONAH3  MOHFAS  NOHFAS  LIGHT 


CODCO  SOI 

CODCO  002 

CODCO  009 

CODCO  012 

CODCO  009 

OHAD 

1  YHS 

GHAD 

a  yhs 

GHAD 

3  YHS 

GHAD 

3  YHS 

GHAD 

3  YHS 

51500. 

04139. 

57190. 

57190. 

0900. 

11799. 

7034. 

11799. 

19312. 

11799. 

11312. 

11799. 

13312. 

11799. 

70351 . 

103971  . 

02307. 

75200. 

02307 

o. 

32572 

SOSO 

*1477 

5030 

o. 

040. 

0120 

0120- 

0120 

o. 

19220 

11950 

4049. 

l 19S0. 

TItll  1SSTSI  94294  77544  04294 

•  HITS  II9S9  *911  11593. 

00  1 1  4f  S 
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COST  SUHHARY  REPORT 


CODE*  Ml 

UONAR3 
CODES  002 

NORFAB 
CODES  009 

MORE AS  LIGHT 
CODES  012 

CODES  010 

METHOD 

SEAfLlFC 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

GRAD 

3  YRS 

COST  TO  rLVUSM) 

51544 . 

04139. 

57194. 

5M09. 

137029. 

COST  TO  aUV(t9K) 
HATCRIAL 

manuf act or i no 

4904. 

ll7S*. 

7434. 

11799. 

13312. 

11799. 

13312. 

1 1799. 

0167. 

11799. 

total  COSTS*  19WI 

70951. 

103571. 

02307. 

75200. 

156995. 

DELTA  COST-FLY* 1986) 

0. 

32572. 

5630. 

-1477. 

05463. 

DELTA  COST -BOV ( 1 90S > 

0. 

640. 

6326. 

6326. 

1102. 

DELTA  COSTS ( 1 906 > 

0. 

33220. 

1 1 956 . 

4049. 

86645 • 

AUG'D  OuER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621. 

0. 

103791 . 
31170. 

04204 . 

11503. 

77544. 

4923. 

153606. 

01267. 

•Costs  >n  thousands  of 

dollars. 

COST  SUMMARY  REPORT 

CODES  Ml 

UOHAR3 
CODES  002 

NORFAB 
CODES  009 

NORFAB  LIGHT 
CODES  012 

CODES  011 

METHOD 

SEATLIFC 

GRAD 

3  YRS 

GRAD 

3  YRS 

ORAD 

3  YRS 

ORAD 

3  YR8 

ORAD 

3  YR0 

COST  TO  rLV(1904> 

51564. 

04139. 

57196. 

S0M9. 

17534. 

COST  TO  0UY < 1906 ) 
MATERIAL 
MANUFACTURING 

6906. 

11799. 

*»  H 

N  A 

OH 
«R  A 

13812 . 
11799. 

13i:2. 

11799. 

22890. 

11700. 

TOTAL  COSTS! 1904) 

70351. 

103571. 

02307. 

75200. 

717J1. 

DELTA  COST -FLY *1906) 

0. 

32572. 

5630. 

-1477. 

“14030. 

DELTA  COST -BUY* 1906) 

0. 

640. 

6326. 

6324. 

15410. 

DELTA  COSTS* 1904) 

0. 

33220. 

11956. 

4049. 

1301 . 

AUO*D  OUER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621. 

0. 

103791. 

31170. 

04204. 

11503. 

77544. 

4923. 

74030. 

2217. 

•Costs  in  thousands  of 

sol  I ars . 

COST  SUMMARY 
•••••■••••a* 

REPOOT 

COOES  001 

U0NAR3 
COPES  002 

NORFAB 
CODES  MS 

NORFAB  LIGHT 
CODES  012 

CODES  012 

METHOD 

•CATLIFC 

ORAD 

8  YR0 

GRAD 

3  YR0 

ORAD 

3  YRS 

ORAD 

3  YRS 

ORAD 

3  YR0 

COST  TO  FLY* 10001 

51000. 

04110 . 

5T19S. 

50M9. 

90M9. 

COST  TO  BUY* 1904) 
MATERIAL 

manufacturing 

0906. 

11799. 

7034. 

1170*. 

13112. 

11790. 

13312. 

11799. 

llllt 

11790. 

TOTAL  COST 6*  IBM  ) 

70851. 

103571. 

02307. 

732M. 

7S200 • 

DELTA  COST -FLY* 1906  > 

0. 

3257*. 

5630. 

-1477. 

-1477- 

DELTA  CO0T-0UY(19M) 

0. 

040. 

6324. 

6920. 

0324. 

OELTA  CO0T0*  19M ) 

0. 

33220. 

11956. 

4049. 

4049. 

AuG *  D  OVER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

7202 1 

S. 

101791 . 
31170 

04204. 

11S03. 

7  7544 . 
4923 

77544. 

4923. 

•  c o» t •  in  iwouima*  of  dollar* 


136 


COST  SUWWBT  REPORT 


CODER  Ml 

UONAR3 
CODE*  M2 

NORFAB 

CODER  889 

NORFAB  LIGHT 
CODER  812 

CODER  882 

METHOD 

SEATLIFE 

GRAD 

3  VRf 

MORP 

1  VRS 

NORP 
>  VRS 

NORP 

3  VRS 

NORP 

3  VRS 

COST  TO  riV(lMi) 

91544. 

994H. 

52922. 

5121 1 ■ 

59418. 

COST  TO  SUV  (IMS) 

MATE'  Hi. 
MANUFACTURING 

SMS. 

117**. 

7147. 

1171S. 

85S8 . 
117*. 

8588. 

11798. 

7147. 

11798. 

TOTAL  COSTS  (ISM) 

7*131 

7*334 

71281 . 

71SS9. 

78158 . 

DELTA  C0ST-FLY<1988) 

S. 

7844. 

135*. 

-358. 

7844. 

DELTA  COST -RUV < 1986 > 

S. 

1S1  . 

1574. 

1574. 

181. 

DELTA  C0STS<1SRS) 

s. 

SMS. 

2*38. 

1219. 

SMS. 

AUG'D  OUCR  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72821 . 

S. 

S89«l. 

8348. 

75543. 

2922. 

73757. 

1138. 

88981. 

8148. 

r«Co« t s  m  tnou»«nds  ot  (toll 


COST  SUMMARY  REPORT 


CODER  Ml 

UONAR3 
CODER  882 

NORFAB 
CODE*  889 

N0RFA8  LIGHT 
CODER  812 

CODER  883 

METHOD 

SEATLIFE 

ORAD 

3  VRS 

NORP 

3  VRS 

NORP 

3  VRS 

NORP 

3  VRS 

NORP 

3  VRS 

COST  TO  FLY (1984) 

51568. 

59418. 

52922. 

51211- 

57148. 

COST  TO  BUY  <  19M) 
MATERIAL 
MANUFACTURING 

*988. 

117*9. 

7147. 

11798. 

8588. 

117M. 

8588. 

11798. 

7854. 

11798. 

TOTAL  COSTS  (  19M  ) 

78351. 

78356. 

73281 . 

71589. 

76M4. 

DELTA  COST-FLVC 1986) 

8. 

7844. 

1354. 

-358. 

5583. 

DELTA  COST - BUY C 1988) 

8. 

161. 

1574. 

1574. 

78. 

DELTA  C0STS(19M> 

8. 

8885. 

2938. 

1219. 

5653. 

AUG'D  OVER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72821. 

8. 

88981 . 
8348. 

75543. 

2922. 

73757. 

1138. 

78515. 

SM4. 

doll*rt. 

COST  SUMMARY  REPORT 


CODES  Ml 

UOMAR1 
COOER  882 

NORFA8 
CODES  889 

NORFAB  L2QHT 
CODES  812 

CODE*  884 

method 

SEATLIFE 

ORAD 

3  VRS 

NORP 

3  VRS 

NORP 

3  VRS 

NORP 

3'  VR8 

NORP 

3  VRS 

COST  TO  FLY <  1 9M  > 

91566. 

5**18. 

52922. 

51211. 

78421 . 

COST  TO  8UV(19M) 
MATERIAL 
manufacturing 

6*86. 

117*9. 

7147. 

117*8. 

8588. 

117M. 

8588. 

117*8. 

7823. 

117M. 

TOTAL  CO«TS<l9M> 

78151 . 

78358. 

73281 

71589. 

97243. 

DELTA  COST -TLYT 1988* 

8. 

7844. 

1354 

-358. 

28855. 

DELTA  COST- BUY 1 19M  > 

8. 

181  . 

1574. 

1574. 

37. 

DELTA  COSTS < 1 988 ) 

8. 

8885. 

2938. 

1219. 

24M2. 

AUG'D  OUCR  PROJECTION: 
TOTAL  COSTS 

DELTA  COST* 

72821 . 

8. 

889*1. 

8348. 

75541. 

2922 

73757. 

1138. 

188883 

28M3. 

I  I  <r i . 


•  Co*  1 1  m  t 


1  37 


COST  SUMMARY  REPORT 


CODE!  661 

U0NAR3 
CODER  082 

NORFAB 
CODER  009 

NORFAB  LIGHT 
CODER  012 

COPER  005 

METHOD 

SEATLIEC 

GRAD 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

COST  TO  FLY ( 1 906 ) 

51566. 

59410. 

52922 . 

51211 . 

54427. 

COST  TO  BUY ( 1 966  > 

MATERIAL 

MANUFACTURING 

6986- 

11799. 

7147. 

11796 

0560. 

11798. 

8560. 

1 1798. 

6596. 

11798. 

TOTAL  COSTSt 1966  > 

78351 . 

70356. 

73281  . 

71569 

74821  . 

DELTA  COST -FLY 1 1 966  > 

0. 

7844. 

1356. 

-356. 

2861  . 

DELTA  COST -BUY ! 1 986 ) 

0. 

161  . 

1574 

1574. 

1610. 

DELTA  COSTS! 1 986 ) 

0. 

0005. 

2930. 

1219. 

4470. 

AUG'D  OVER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621 ■ 

0 

80961  . 
0340. 

75543. 

2922. 

73757. 

1136. 

77147. 

4527. 

•Costs  i«  tnouimdi  of 

Oo  1  lari. 

COST  SUMMARY  REPORT 


CODER  001 

U0HAR3 
CODER  082 

NORFAB 
CODER  009 

NORFAB  LIGHT 
CODER  812 

CODER  006 

METHOD 

scatlife 

GRAD 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

COST  TO  FLY (1986) 

51566. 

59410. 

52922. 

51211. 

54519. 

COST  TO  BUY k 1906) 
material 

MANUFACTURING 

6986. 

11799. 

7147. 

11798. 

8560. 

11798. 

8560. 

11798. 

0546. 

1 1 790 . 

TOTAL  COSTS ! 1986  > 

70351. 

70356. 

73281 . 

71569- 

74064. 

DELTA  COST-FLY ( 1 986  > 

9. 

7844  . 

1356. 

-356. 

2953. 

DELTA  COST -BUY { 1 986  > 

0. 

161  - 

1574. 

1574. 

1560. 

DELTA  COSTS! 1906) 

0- 

0005. 

2930 

1219. 

4513. 

AUG'D  OUCH  PROJECTION: 

TOTAL  COSTS  *2621.  0R961. 

DELTA  COSTS  »•  9349. 

•Cost*  in  thouiandl  0 4  dollar*. 


75543.  73757.  77196. 

2922.  1136.  4576. 


COST  SUMMARY  REPORT 


CODER  001 

U0NAR3 
CODER  032 

H0RFA8 
CODER  009 

NORFAB  LIGHT 
CODER  012 

CODER  007 

METHOD 

SCATLIFE 

GRAD 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

COST  TO  FL  Y  1  1 906  > 

51566. 

59410. 

52922. 

3121  1  . 

33550. 

COST  TO  BUY ( 1 986 > 

MATERIAL 

MANUFACTURING 

6906. 

11799. 

7147. 

11798. 

0360- 

11790 

8360. 

1 1798. 

8357. 

11790- 

TOTAL 

COSTS! 1906) 

70351  . 

78356. 

73201 . 

71569. 

73706. 

DELTA 

COST -FLY! 1986) 

0. 

7844  . 

1356- 

-356. 

1984. 

DELTA 

COST -BUY! 1986) 

0. 

161. 

1574. 

1374. 

1371  . 

DELTA 

COSTS! 1906) 

0. 

8005. 

2930. 

1219. 

3355. 

AUG'  D 

TOTAL 

DELTA 

OUCR  PROJECTION: 
COSTS 

COSTS 

72621 

0. 

80961 . 
8340 

75543. 

2922. 

73737 

1136 

76004. 

3303 

•Coitl  m  tnout indt  or  dollar*. 
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COST  SUMMARY  REPORT 


CODES  001 

UONAR3 
CODES  002 

NORFAB 
CODES  009 

NORFAB  LIGHT 
COPER  012 

CODES  000 

METHOD 

seatljfe 

GRAD 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

COST  TO  FLY<1906) 

51566. 

59410. 

32922 . 

31211 . 

37813, 

COST  TO  BUV( 1906 ) 
MATERIAL 
MANUFACTURING 

6906. 

11799. 

7147. 

11790. 

0560. 

11798. 

0560. 

11790. 

7161. 

1 1 790 . 

TOTAL  COSTS ( 1 906 ) 

70351 . 

78356. 

73201 . 

71569. 

76772. 

DELTA  COST -FLY! 1986) 

0. 

7044. 

1356. 

-356. 

6247. 

DELTA  COST -BUY! 1986 > 

0. 

161  . 

1574. 

157  4 

173. 

OELTA  COSTS ( 1906 ) 

0. 

8003. 

2930. 

1219. 

6422. 

AUO'O  OVER  PROJECTION: 
TOTAL  COSTS 
delta  costs 

72621. 

0. 

60961 . 
0340. 

75543. 

2922. 

73757. 

1136- 

79300. 

6607. 

•Costi  tn  thousands  o*  dollars. 


COST  SUMMARY  REPORT 


CODES  001 

UONAR3 
CODES  002 

NORFAB 
CODES  009 

NORFAB  LIGHT 
CODES  012 

COPES  009 

METHOD 

GRAD 

NORP 

NORP 

NORP 

NORP 

SEATL1FE 

3  YRS 

3  YRS 

3  YRS 

3  YRS 

3  YRS 

COST  TO  FLY! 1906) 

51566. 

59410 

52922. 

51211. 

52922 . 

COST  TO  0UY ( 1 906 ) 

MATERIAL 

6906. 

7147. 

0560- 

8560. 

0560. 

MANUFACTURING 

1 1799. 

11790. 

11790. 

11790. 

11790. 

TOTAL  COSTS! 1986> 

703S1 . 

78356. 

73201 . 

71369. 

73201 . 

OELTA  COST 'FLY t 1996 > 

0. 

7044. 

1336. 

-336. 

1356. 

DELTA  COST '0UY< 1906) 

9. 

161  . 

1374, 

1574. 

1374. 

DELTA  COSTS! 1906) 

9. 

0005. 

2930. 

1219. 

2930. 

AUO'O  OUCR  PROJECTION: 

TOTAL  COSTS  72621.  00961-  75543.  73757.  75543. 

0ELTA  COSTS  0.  0340.  2922.  1136.  2922. 

•Costs  in  thousands  c *  dollars. 


COST  SUMMARY  REPORT 


CODCB  Ml 

UOHAR3 
CODER  002 

NORFAB 
CODER  000 

NORFAB  LIGHT 
CODER  012 

CODER  010 

METMOO 

SEATLIFC 

ORAD 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

1  YRS 

COST  TO  FLY ( 1 906  * 

51366 

59410. 

52922 . 

51211 . 

121714. 

COST  TO  BUY ( 1 906 ) 

MATERIAL 

MANUFACTURING 

6906- 

11790 

7147. 

1 1 790 • 

0560- 

11790. 

0560. 

11790. 

7200. 

11790. 

TOTAL  COSTS! 19*6 ) 

70131  - 

70336. 

73201 

71369. 

142792- 

DELTA  COST -FLY! 1906> 

6. 

7044 

1356. 

-356. 

20501- 

DELTA  COST -BUY! 1906) 

0. 

161  ■ 

1374. 

137  4. 

294. 

DELTA  COSTS! 1906) 

0. 

0005. 

2910. 

1219. 

20079. 

AUO’D  OVER  PROTECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621 

0. 

00961 

9349- 

73343- 

2922. 

73757. 

1116. 

140271. 
21761  . 

•costs  in  tneuSsnds  o 4  dollars 


HCTHOD 

tCATLXFC 


COST  TO  FLVC  ISM> 

COST  TO  DUV(IOM) 
NATCH  I  AL 
NANUT  AC  Tun  {  MS 

TOTAL  COSTS!  ISM) 

DCLTA  COST-FLYdSM) 

OCLTA  COST  -  SUV  !  ISM* 

DCLTA  COSTS!  1SM> 


AOO’D  OUCH  HS0JCCT10N: 
total  COSTS 
DCLTA  COSTS 


NCTMOD 

SCATLirC 


COST  TO  fLY!  ISM) 

COST  TO  SUY(ISM) 
NATCHIAL 
NAHUT  ACTUM  NO 

TOTAL  COSTS!  ISM) 

DCLTA  COST -fLY!  ISM) 

DCLTA  COST-BUY! ISM) 

DCLTA  COSTS!  ISM) 


AUC'D  OUCH  HAOJCCTIOM: 
TOTAL  COSTS 
DCLTA  COSTS 


i  a 


COST  tUWNAHY  SCSOAT 


coses  Ml 

WOMAAS 
COBCH  Ml 

NOSH  AO 
CODCS  MS 

MOST AO  LIOMT 
COSCO  BIB 

CODCS  Oil 

NOAH 

9  YSS 

NOSH 

9  YS* 

NOAH 

9  VAS 

stsss. 

SSAIA. 

SlSIt. 

Situ. 

4IIM 

SSM. 

UTSS. 

T 1  AT . 
UTSS. 

HM. 

1ITSS. 

MSB. 

IITSB. 

1SSBB. 

11TSA. 

TODS t . 

7SSSA. 

7**01  . 

rises. 

TOMS- 

s. 

7044. 

IBM. 

-990. 

-JJTS. 

s. 

ISI. 

IST4. 

IST4. 

MM. 

f. 

OMS. 

ISM. 

IBIS. 

AST. 

7BSS1. 

0. 

00901 . 
•940. 

TSS49 . 
CSC!. 

T1TST. 

1190. 

TBTST . 

IAT. 

1 1 


COST  SUMMAAV  SC HOST 


COSCO  Ml 

UOMAA1 
CODCS  DAB 

MOAT  AD 
COOCS  0*9 

MOST AD  LIOMT 
CODCS  DIB 

CODCS  DIB 

MAS 
a  vas 

5l 

9  YSS 

NOAH 

S  VAS 

MOAH 

9  VAS 

S1SSS. 

SS41A. 

5*9**. 

suit. 

Sim. 

SSM. 

UTSS. 

TIAT. 

UTS#. 

ASM. 

IITM. 

DSSA. 

IITM. 

•SOS. 

IITM. 

TIMI . 

7D9S0. 

mil. 

T1SSS. 

TIMS. 

A. 

TDAA. 

ISM. 

-ISO. 

-IS*. 

B. 

ISI. 

ISTA. 

ISTA. 

ISTA. 

B. 

DAAS. 

ISM. 

IBIS. 

ISIS. 

TBSB1. 

t. 

SO 901 . 
BSAA. 

TSS49. 

ISBS. 

T97ST. 

I1M. 

T9TST . 
I1M. 

•Costs  lA  thousands  of  dollars 


COST  SUMMARY  REPORT 


coots  Ml 

OOHAR3 
COOCs  M2 

MORE  At 
CODCS  889 

MORrAB  LIGHT 

CODER  812 

CODER  882 

ME  'HOD 

SIR»L  IT  L 

ORA  D 

3  r«* 

IMMD 

3  YRf 

I  HMD 

3  YRS 

IMMD 

3  YRS 

I  HMD 

3  YRS 

OS  T  *0  L»  168*> 

S1SM 

84139. 

57 1 99 . 

58889 

84139. 

•  OS’  TO  1U»|  IMS  < 

HATCH  1  ML 

HANOT  AC  *  OR  1  NG 

SSM 

1  1799 

1981 

2918. 

3314  . 

2938 

3114 

2938 

1981 . 
2918. 

'O' ML  COST*.  i«Mi 

TI39I 

88*77. 

S3448- 

54341 . 

88977. 

DC  l  TA  COST  TL  VI  19M  > 

■ 

32572 

5S38. 

-1477. 

32572. 

DC  i  TA  COST -*UY!  19M  ' 

8. 

-  1 394*. 

-  12533 

-12533. 

-13944. 

DC l  TA  COSTS'  ISM  • 

9- 

18*26. 

-4981 

-  14818. 

18424. 

AVS'D  OUER  PROJECTION 
TOTAL  COSTS 

OCiTA  COSTS 

THZ1 

a. 

189172 

It,  551  . 

885  38 

15989. 

81158. 

8737. 

189172. 
34551 . 

•Costa  i»  thousands  of 

ao i lira. 

COST  SUMMARY 

REPORT 

CODER  Ml 

U0NAR3 
CODER  882 

MORE At 
CODER  889 

NORf  AB  LIGHT 
CODER  812 

CODER  883 

«C  T MOD 

SCATLirE 

GRAD 

3  YRS 

I  HMD 

3  YRS 

I  HMD 

3  YRS 

IMHO 

3  YRS 

IMMD 

3  YRS 

COST  TO  PLY<19M) 

51344 

asm:. 

57194. 

58889. 

74758. 

COST  TO  BUY  f 1 9M  ) 

MATERIAL 

NAMUT  AC  TURING 

4984. 

11799. 

1981  . 
2938. 

3314. 

2938. 

3314. 

2938. 

<818. 

2938. 

TOTAL  COSTS (  1  9M  ) 

78351. 

88977 . 

43*48. 

56341 . 

79498. 

DELTA  COST-ELY< 1984 • 

8. 

32572. 

5438. 

-1477. 

23184. 

DELTA  COST  -BUY  (  19N  > 

8. 

-13944. 

-12533. 

-12533 

-14837. 

DELTA  COSTS  (  1 9M  ) 

8. 

18624. 

-6983. 

-14818. 

9147. 

AUG  * D  OVER  PROJECTION: 
TOTAL  COSTS 

OELTA  COSTS 

72421. 

8. 

189172. 
36551 . 

88538. 

15989 

81358. 

8737. 

99278. 
24457 . 

•costs  m  thousands  of 

do  1 lirs. 

COST  SUMMARY 

REPORT 

U0NAR3 

nopeas 

NORrAS  LIGHT 

CODES  Ml  CODER  882 

CODER  SS9 

CODER  SI 2 

CODER  884 

METHOD 

GRAD  IMMD 

IMMD 

IMMD 

IMMD 

SCATLirE 

3  YRS  3  YRS 

3  YRS 

3  YR$ 

3  YRS 

COST  TO  FLY(19M> 

51544. 

84139. 

57194. 

5M89 . 

163879 

COST  TO  BUY <1904) 
MATERIAL 

MANUFACTURING 

4984. 

11799. 

1981  . 
2938. 

3314. 

2938. 

3314 

2938 

1777 

2938 

TOTAL  COSTS <  19M  > 

78151 . 

88977 

63448. 

56341 

147793 

DClTA  COST -f L Y < 1 984 ) 

8. 

32572 . 

5638 

-1477 

111512 

DELTA  COST  -BUY  <  1 9M  ) 

8. 

-13946 . 

-12533. 

-12533 

-  1 4878 

DELTA  COSTS <  19M) 

8. 

18626. 

-6983 . 

-  14818 

97  04  3 

AUG’O  OUCR  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

•Coata  >n  thouaanda  of  < 

72421 . 

8. 

do l 1  art . 

189172 
34551 . 

88538. 

15988 

81958 

8737 

188244 

1  19644 

COST  SUMMARY  REPORT 


CODER  001 

U0NAR3 
CODER  002 

N ORTAS 

CODER  009 

NORTAB  LIGHT 
CODER  B12 

CODER  009 

METHOD 

SCATLtre 

GRAD 
a  yrs 

I  MMD 

3  YRS 

I  MMD 

3  YRS 

I  MMD 

3  YRS 

I  MMD 

3  YRS 

COST  TO  FLV<  19M  > 

91966. 

04139. 

97196. 

90B09. 

63446. 

COST  TO  BUY ( 1 986 > 

MATERIAL 

MAHUE AC TURING 

6906. 

11799. 

1901  . 
2930. 

3314. 

2930 

3314. 

2930. 

3349. 

2930. 

TOTAL  C0ST8<  19N  > 

70391 . 

00977. 

63440 

96341 . 

69733. 

DELTA  COST -ELY ( 1906 > 

0. 

32972. 

9630. 

-1477. 

1 1079. 

DELTA  COST -BUY t 1906) 

0. 

-13946. 

-12933. 

-12533. 

-12497. 

DELTA  COSTS< 1906 > 

a. 

10626. 

-6903 

-14010. 

-610. 

AUG'D  OUER  PROJECTION; 

TOTAL  costs 
delta  COSTS 

72621 . 

a. 

109172. 
36991 . 

00930. 

19909 

01350 

0737. 

94999. 

22379. 

•Cost*  »n  thousands  of  OdI  Uri, 


COST  SUMMARY  REPORT 


CODER  001 

OONAR3 
CODER  002 

NORFAB 
CODER  009 

NORFAB  LIGHT 
CODER  012 

CODER  006 

METHOD 

SEATLIFE 

GRAD 

3  YRS 

I  MMD 

3  YRS 

I  HMD 

3  YRS 

IHHD 

3  YRS 

I  HMD 

3  YRS 

COST  TO  FLV(t906> 

51566. 

04L19. 

57196. 

50009 

63029. 

COST  TO  BUY (1906) 
material 

MANUF AC TURING 

6906. 

11799. 

1901  . 
2930. 

3314. 

2930- 

3314. 

2930. 

3300 

2930. 

TOTAL  COSTS ( 1906  > 

70J51. 

00977. 

63440. 

56341. 

70066. 

DELTA  COST -rLY( 1906) 

0. 

32572. 

9630- 

-1477. 

12263. 

DELTA  COST - BUY ( 1906) 

-13946. 

-12533. 

-12533. 

-12547. 

DELTA  COSTS ( 1906 ) 

0. 

10626. 

-6903. 

-14010. 

-204. 

AUG' 0  OOCR  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621. 

0. 

109172. 
36551 . 

00530. 

15909. 

01350. 

9737. 

95157. 

22537. 

•Cost*  m  thousands  of 

doi lars. 

COST  SUMMARY 

REPORT 

CODES  B01 

U0NAR3 
CODER  002 

NORTHS 
CODER  009 

NORFAB  LIGHT 
CODER  012 

CODES  BB7 

METHOD 

SEATLIFE 

GRAD 

3  YRS 

I  MMD 

3  YRS 

I  MMD 

3  YRS 

I  MMD 

3  YRS 

IMHO 

3  YRS 

COST  TO  FLVM9B6) 

51566. 

04139. 

57196. 

50009. 

59905. 

COST  TO  BUY (1906) 
MATERIAL 
MANUFACTURING 

6996. 

11799. 

1901  . 
2930. 

3314. 

2930. 

3314. 

2930. 

3111  . 
2930. 

TOTAL  C0ST8( 1906 ) 

70351 

0B977. 

63440. 

5*341. 

65053. 

DELTA  COST-FL Y< 1 906 ) 

0. 

32372. 

5630. 

-1477. 

0239. 

DELTA  COST-0UY( 1906> 

0. 

-1394*. 

-12533. 

-t2533. 

-12736. 

DELTA  COSTS( 1906) 

R. 

10626. 

-6903 

-14010. 

-4497. 

AuG'D  OUCR  PROJECTION: 

TOTAL  COSTS 

DELTA  COSTS 

72621 

a. 

199172 

3*531 

80530 

I 5909 . 

0 1 350 . 

07  37. 

90220 . 
17999. 

142 


HCTMOD 

stuTLirr 

COST  TO  nVdfM) 

COST  TO  tUYUM*) 
MATERIAL 

manufacturing 
TOTAL  COSTS (!••«) 
DELTA  COST -FLY <15661 
DELTA  COST -SUV <15941 
DELTA  COSTSI  IMO 


AUQ’D  OUCH  PROJECTION: 
TOTAL  COSTS 
DELTA  COSTS 


COST  SUflNMV  ftCPOUT 

CODES  Ml 

UONAA3 
CODES  992 

MOAT  AS 
CODE*  *S9 

MOAT  AS  L I  OAT 
COPES  012 

codes  mm 

QUAD 

9  YUS 

ZHHD 

9  YUS 

I  HAD 

9  Y9S 

I  HAD 

S  VHS 

I  HMD 

9  YSS 

sisss. 

•419S. 

S71S6. 

59M9. 

77596. 

SIM. 

UTSS. 

INI  . 

299#. 

9914. 

*5M- 

9914. 

2990. 

1915. 

2999. 

TSSSI. 

••97 r. 

69440. 

96941. 

•2959. 

s. 

92572. 

9690. 

”1477. 

25949. 

s. 

”19946 • 

-12599. 

-12599. 

-19992. 

t- 

19626. 

-69*9. 

- 14919. 

12997. 

72621. 

s. 

199172 . 
9653 1 . 

M9M. 

15595. 

•1956. 

•797. 

192544. 

29924. 

COST  SUMMARY  REPORT 

•■••••••••••••••••a 


CODES  991 

UOMAA3 
CODES  992 

MOAT  AS 
CODES  999 

M0RTA9  LX OAT 
COPES  912 

CODES  999 

METHOD 

tCATLXrC 

OAAD 

9  YA6 

imp 

3  YA6 

I HHS 

9  YA9 

I  HMD 

9  YA9 

I  HMD 

S  YWS 

COST  TO  FLY< 1996) 

S1596. 

•4199. 

57199. 

59999. 

57196. 

COST  TO  aumsM) 

HATER  I AL 

HANUF  ACTU9IM6 

6996. 

1I7PS. 

1991. 

2999. 

9914. 

2599. 

9914. 

2939. 

3114. 

29S9. 

TOTAL  COSTS t 19961 

79951. 

•9577. 

69449. 

96941. 

69449. 

DELTA  COST-FLV< 1996) 

9. 

92572. 

5639. 

-1477. 

5699. 

DELTA  COST -SUV 11996) 

9. 

-19546. 

-12593. 

-12999. 

-12599. 

DELTA  COSTS < 1996 ) 

9. 

16626. 

-6999. 

-14919. 

-SMS. 

AUQ'D  OVER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621. 

9. 

169172. 

96551. 

■9599. 

15999. 

•1959. 

•737. 

69599. 

1SM9. 

•Costs  in  thousands  of  dell 


COST  5UMHARV  REPORT 


COOES  Ml 

U0NAA3 
CODE*  992 

NORFAS 
CODER  #95 

NORFAS  LIGHT 
CODES  912 

CODES  919 

HCTMOD 

SCAT LITE 

GRAD 

9  VR9 

I  HMD 

3  VRS 

I  HMD 

3  YR9 

I  AMP 

3  YA5 

I  AMD 

3  YRS 

COST  TO  rt.V<  19961 

51566. 

94199. 

57156. 

SR969- 

197829. 

COST  TO  SUVU9M> 
MATERIAL 
MANUFACTURING 

6999. 

11799. 

1M1  . 

2999. 

9914. 

2599. 

9314. 

2939. 

2933. 

2599. 

TOTAL  COSTS < 1996  > 

79953. 

•6977. 

69449. 

56941. 

142999. 

DELTA  COST -FLY t 19961 

9. 

32572. 

5699. 

-1477. 

•5469. 

DELTA  COST-BUY (1996) 

9. 

-19949. 

-12S9S. 

-12515 

-13916. 

DELTA  C0ST6( 1996 1 

9. 

16624. 

-69R5. 

-14912. 

71647. 

AVO'D  OVER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72621. 

9. 

195175. 

96552. 

99599. 

13597. 

•1959. 

•735. 

163163. 

M546. 

•coat*  m  thousands  of 

del l an* . 
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c.  os?  Summary  rip or? 


LODES  001 

vonAR  3 
l ODE  A  003 

SORT  AB 

CODfS  009 

N0RFA8  LIGHT 
CODER  01 2 

COOES  011 

ME  t HOD 

SEATl if  e 

GRAD 

3  YRS 

I  HAD 

3  YRS 

I  AMO 

3  YRS 

I  AMD 

3  YRS 

I  AMD 

3  YRS 

cost 

TO  FLT-I 98b  I 

5  1566 

04139. 

57  196 

50009. 

37536. 

COST  To  SO* It  99b 1 
HATER!  At 
manufacturing 

6980 

1  1799 

1901 

2930. 

3314  . 

29  38. 

3314 

2936. 

5576. 

2930 

total 

COSTS! 1986  > 

70353 

00977. 

63440. 

56341 . 

46050. 

delta 

COST-FLY! l 9B6  > 

0 

32572. 

5630  . 

-  1477 

-14030. 

delta 

COST -BUY ( 1906  t 

a 

-  1 3940. 

-  12535 

-12535. 

-10273. 

OEt  TA 

COSTS! I 906 > 

e. 

10634 . 

-6905. 

-14012 

-24303 

AUG'O 

TOTAL 

DELTA 

OVER  PROJECTION: 
COSTS 

COSTS 

73623. 

0. 

109175. 

36552. 

005  30 
15907 . 

01350. 

07  35. 

79165. 

6542 

•Costs  in  thousands  of 

dollars. 

CODES  001 

COST  SUMMARY 

UONAR3 
CODES  002 

REPORT 

NORFAB 
CODES  009 

NORrA*  LIGHT 
CODES  012 

CODES  012 

METHOD 

GRAD 

inriD 

I  HMD 

IMMD 

IMMD 

SEATLIFC 

3  YRS 

3  YRS 

3  YRS 

3  YRS 

3  YRS 

COST  TO  FL Y < l 986 ) 

51566 

04139. 

57196. 

50009. 

50009. 

COST  TO  BUY ( 1 906  > 
MATERIAL 

6900 

V50I  • 

3314. 

3314. 

3314. 

MANUFACTURING 

11799 

2930. 

2938 

2930. 

2930. 

TOTAL  COSTS ( 1 906 ) 

70353. 

00977 

63448. 

56341 . 

56341. 

DELTA  COST-FLY< 1 906  > 

0. 

32572- 

5630. 

-1477. 

-1477. 

DELTA  COST  -  BUY ( 1906) 

0. 

-13940. 

-12535. 

-12535. 

-12535. 

DELTA  COSTS! 1906) 

0. 

10624 

-6905. 

-14012. 

-14012. 

AOG'D  OUCR  PROJECTION: 

TOTAL  COSTS 

72623. 

109175 

80530. 

01350. 

01358. 

DELTA  COSTS 

0. 

36552- 

15907. 

8735. 

0735- 

•Costs  m  thousands  of  dollars. 
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SEAT  CUSHION  LAYER  MATERIAL 


MATERIAL  CODE  NUMBER!  00. B 
PRODUCT  NO.  ! 

MATERIAL  NAME:  Nf R  URETHANE 

DESCRIPTION  t  POLYURETHANE  FOAM  *  NON-FIRE  RETARDED. 
MEDIUM  FIRM. II 032 

SUPPLIER'S  NUMBER! 

density:  i.coo  lr/ftc  or  ftj 

DENSITY  FIRE  RETARDANT  FOAM!  0.000  LB/FT2  OR  FT3 

cost:  *  o . 680/f r 2  or  ft3 

yearly  cost  increase:  ox 

UNIT  COST  CHANGE/VOL.  COST!  »  0.000/*  0. 

END  OF  SEAT  CUSHION  MATERIAL  REPORT 


SEAT  LAYER  DESIGN  REPORT 

******* ***«*« «**»**«*»** 


SEAT  DESIGN  NUMBER!  01} 


LAYER 

NAME 

CODE  NO. 

*  1 

MANUFACTURER'S  COST  FACTORS 

- 

LABOR  -  FABRICATION 

1  .<•  T 

A 

WOOL /NYLON 

005 

-  PLANNING 

1  .  oo 

* 

NORFAB  AL 

01  1 

ASSEMBLY 

1 .00 

c 

-o- 

-  INSPECTION 

1 .00 

n 

— 

-o 

rom  ING 

l  .00 

r 

— 

•  0 

-- 

DEVELOPMENT 

F 

NF  R  URETHANE 

UK 

004B 

-  DESIGN 

NF R  URETHANE 

BM 

00. B 

ENGINEERING 

1 .00 

NT  R  URETHANE 

HD 

00. B 

-  SUST. 

ENGINEERING 

1 . 00 

«  FIRE 

PERFORMANCE 

FARAMETERS 

- 

OVERHl  r  n 

1001  ING 

1 .00 

ILD(BK)  =  0  ILDlBT)  =  0 

ILD(HR> 

=  0 

-  MI  SC. 

1 .00 

APPLY  TO  DESIGN# 

OOt 

2.5 

flux:  MOOT  = 

O.OOE+OO 

E  = 

0.00 

MFC  55/YFr  INCREASE 

0. 

5.0 

FLUX:  MOOT  = 

o.oonoo 

E  = 

0.00 

7.0 

flux:  moot  * 

0.00E+00 

E  = 

o.oo 

«  LIFETIME  OF  A  SI  AT  MEASURED  IN  NUMB! R  OF  YEARS 

EiQTTOM  -  2.S  BACK  -  .  0  HEADREST  -  T. .  0 


SEAT  CUSHION  uf  1  GMT  PER  CUSHION  Dct.!  6/22/82 


SEA!  CUSHION  DESIGN  NUMBER  I  013 
US. 

SEAT  DESIGN  REFERENCE  NUMBER!  00 1 

BACK  BOTTOM  HEADREST  IDIAI 

LBS  tlBS  LBS  UBS  LBS  *LBS  LBS  l|  i  < 


COACH! 


1  •  83 

0.20 

3.08 

0.02 

I  .34 

0.02 

6.25 

0 . 20 

SHORT 

1  .83 

HAUL  : 

0.20 

3.08 

-0.02 

1  .  34 

0.02 

6.25 

o 

r. 

o 

ist  class: 

2.01  0.21 

3.34 

-0 . 03 

1 .60 

0.00 

6.95 

0. 19 

•  DEC IA  ME IOHT 


END  Of  I HE  MfIGMt  RE f OR  I 


COS'  SUMMARY  NEPcRf 


y«-,NHR3  NORF*b  NORFAB  LIGHT 

l ODER  001  CODE  B  00?  CODEB  009  COOEU  012  CODEB  013 


METHOD 

scatlife 

GRAC 

3  vRS 

GRAD 

H  rRG 

GRAD 

3  Y.VS 

GRAD 

3  YRS 

GRAD 

3  YRS 

COST  TO  FLY<1906> 

51666. 

94139. 

57196. 

50889. 

53248. 

COST  TO  BUY (196b) 
MATERIAL 
MANUFACTURING 

6900 

1  1799 

763b  . 
i  I  795 

13312 . 
11799. 

t  3312 

1 1799. 

13312. 

11799. 

TOTAL  COSTS  < 1 986  > 

70353 

103574 

62307 

75200 . 

70358. 

DELTA  COST -Ft Y< 1 906 ) 

0 

325 '2 . 

5630  . 

-  1 477. 

1682  . 

DELTA  COST - BUY l 1986' 

0 

648  . 

6324 

6324. 

6324  . 

DELTA  COSTS ( 1906  I 

0. 

33220 

1  1953 . 

4847  . 

800S . 

AOG'D  OUER  PROJECTION: 
TOTAL  COSTS 

DELTA  COSTS 

72623. 

0 

103793. 

3*170 

84204 . 

1 1 561 . 

77544 . 

4921  . 

80504 . 
7881  . 

•Cost s  in  thousand*  of 

do  I  liri 

COST  SUMMARY 

REPORT 

CODEB  001 

U0NAR3 
CODEB  002 

norfab 

CODEB  009 

NORFAB  LIGHT 
CODER  012 

CODER  013 

METHOD 

SEATLIFE 

GRAD 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

NORP 

3  YRS 

COST  TO  FLYU9B6) 

51566. 

59410. 

52922. 

S1211 . 

51971 . 

COST  TO  BUY ( 1 906 ) 
MATERIAL 
MANUFACTURING 

6908. 

11799. 

7149. 

11798. 

8562. 

11798. 

8562. 

11790. 

0562. 

11790. 

TOTAL  COSTS C 1906 ) 

70353. 

76358. 

73283. 

71571. 

72332. 

DELTA  COST -FLY t 1 986 ) 

0. 

7844  . 

1356 

-356. 

405. 

DELTA  COST-BUYf 1906) 

0. 

161  . 

1574. 

1574. 

1574. 

DELTA  COSTS ( 1986) 

0. 

6005  . 

2930. 

1210. 

1979. 

AUO'D  OUER  PROJECTION: 
TCI  «L  COSTS 

DELTA  COSTS 

72623. 

0. 

00963. 

0340. 

75545. 

2922. 

7 3759. 

1136. 

74552. 

1929. 

«Costt  m  thouftnds  of 

do  1  1 ir t . 

COST  SUMMARY 

REPORT 

CODER  001 

U0NAR3 
CODER  002 

norfab 

CODEB  009 

NORFAB  LIGHT 
CODER  012 

CODER  013 

METHOD 

SEATLIFE 

GRAD 

3  YRS 

IMHD 

3  YRS 

I  HMD 

3  YRS 

IMMD 

3  YRS 

IMMO 

3  YRS 

COST  TO  FLY { 1986  > 

51566. 

04139. 

57196. 

50089. 

53248. 

COST  TO  BUY ( 1 906  > 

material 

MANUFACTURING 

6988. 

1  1799. 

1  9ei . 
2938. 

3314  . 
2930. 

3314. 

2930. 

3314. 

2930. 

TOTAL  COST  S  < 1 906 ) 

70353. 

00977 . 

63448. 

56341 . 

59500. 

DELTA  COST -FLYC 1986 ) 

0 

32572 

5630 

-1477. 

1602. 

DELTA  COST-BUY< 1986 ) 

0. 

-  1 3948 . 

-  12535. 

-  12535. 

-12535. 

DELTA  COSTS ( 1 986 1 

0 

18624 

-6905  . 

14012 

-10053. 

AUG'D  OUER  PROJECTION 
TOTAL  COSTS 

DELTA  COSTS 

7 2t»2  'i  . 

0  . 

5  BM 1 75 . 

.1655? 

00'  30 
15907 . 

01356 

8735 

84545. 

1 1922. 

•Co»ti 


housjnds  0#  dollar* 
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FOREWORD 


This  final  report  has  been  prepared  for  the  Chemical  Research 
Projects  Office  at  Ames  Research  Center  of  NASA,  Moffett  Field, 
California,  under  P.0.  NO.  A84863  B  (EAF). 

This  report  consists  of  documentation  for  the  work  performed 
under  the  four  contract  tasks  and  serves  to  specifically 
direct  the  computer  application  of  the  aircraft  seats  algorithm. 
The  report  is  organized  as  follows: 

I.  OVERVIEW  OF  AIRCRAFT  SEATS  ALGORITHM 

II.  DATA  ORGANIZATION 

CUSHION  DIMENSIONS  DATA  FILE 
CUSHION  MATERIALS  DATA  FILE 
CUSHION  CONFIGURATIONS  DATA  FILE 
REFERENCE  CUSHION  CONFIGURATION  DATA  FILE 
AIRCRAFT  FLEET  PROJECTION  DATA  FILE 
'NEW*  AIRCRAFT  DELIVERY  SCHEDULE  FILE 
FUEL  COST  PROJECTIONS  FILE 

III.  LOGICAL  PROGRAM  FLOW 

DETAILED  PROGRAM  FLOW 
OUTPUT  REPORTS 


I.  OVERVIEW  OF  AIRCRAFT  SEATS  ALGORITHM 


ECON,  Inc.  has  developed  a  methodology  to  calculate  estimated  costs 
of  the  manufacture  and  use  of  advanced  aircraft  seat  cushion  configura¬ 
tions  that  are  being  evaluated  by  tne  Chemical  Research  Projects  Office 
(CRPO)  at  NASA-Ames  for  improved  fire  performance  characteristics.  The 
methodology  has  been  appropriately  designed  and  documented  for  easy 
adaptation  to  computer  processing. 

The  primary  focus  of  this  effort  has  been  on  the  evaluation  of  the 
cost  impact  associated  with  manufacturing  and  flying  various  seat  con¬ 
figurations  on  a  U.S.  aircraft  fleet-wide  basis.  In  addition,  the 
approach  developed  will  provide  a  logical  framework  for  the  storage  of 
physical  properties  data  and  fire  performance  indicators  for  each  seat 
configuration.  Figure  1  illustrates  the  significant  parameters  that 
influence  the  seat  manufacturing  cost  and  the  weight  impact  on  fuel 
consumption  of  flying  heavier  or  lighter  aircraft  seats.  Each  of  these 
parameters  are  discussed  in  detail  in  the  second  section  of  this  re¬ 
port. 

Figure  2  provides  a  top-level,  logical  view  of  the  proposed  model 
flow.  This  is  expanded  upon  in  the  last  section  of  this  report  in  a 
detailed,  step-by-step,  presentation  of  the  model  methodology.  In 
addition,  the  summary  reports  have  been  specifically  defined  and  are 
provided  in  conjunction  with  the  detailed  flow. 

The  development  of  the  approach  documented  herein  was  significantly 
influenced  by  the  nature  and  availability  of  pertinent  data.  In  areas 
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where  data  is  severely  limited,  as  much  flexibility  in  the  data  structure 
as  possible  has  been  suggested.  For  example  in  the  area  of  calculating 
seat  cushion  manufacturing  costs,  there  is  currently  very  little  insight 
into  the  major  cost  components  and  how  they  will  be  affected  by  new 
materials.  The  methodology  developed  allows  the  user  to  work  with 
data  at  several  levels  of  detail,  depending  upon  what  is  available  to 
him.  Discussions  between  ECON  and  CRPO  are  currently  in  progress  to 
find  means  to  expand  upon  this  data  base  through  NASA  -  funded  contracts 
with  seat  manufacturers  to  actually  build  seats  with  alternative  cushion 
configurations  and  track  costs  in  an  appropriate  manner.  Once  a  good 
baseline  set  of  manufacturing  cost  data  has  been  provided,  cost  estimat¬ 
ing  tools  such  as  the  RCA  Price  model  could  be  used  to  generate  costs 
of  future  cushion  designs. 

Because  the  Ames  program  is  focused  on  cushion  configuration  al¬ 
ternatives,  other  components  of  the  seat  structure  are  not  considered 
at  this  time.  Furthermore,  the  methodology  presented  reflects  a  very 
simplified  approach  to  cushion  design  and  dimensions  in  which  both  the 
bottom  and  back  cushions  are  rectangular  in  shape  with  uniform  dis¬ 
tribution  of  all  materials  across  the  rectangle.  The  dimensions  of 
the  bottom  and  back  cushions  may  be  specified  individually,  but  it 
is  assumed  that  they  will  be  comprised  of  the  same  materials. 

Despite  the  simplifying  assumptions  and  limitations  outlined 
above,  the  methodology  developed  can  provide  a  valuable  tool  for  the 
comparison  of  one  seat  cushion  configuration  with  another  and  to 
assess  its  impact  on  the  cost  to  manufacture  and  fly  an  improved 
aircraft  seat. 


II.  DATA  ORGANIZATION 


The  data  required  by  the  aircraft  seats  algorithm,  as  configured 
by  ECON,  has  been  organized  into  the  following  logical  groupings: 

.  cushion  dimensions  data 
cushion  materials  data 
cushion  configurations  data 
reference  cushion  configuration  data 
aircraft  fleet  projection  data 
.  'new'  aircraft  delivery  schedule  data 
fuel  cost  projections  data 

Each  of  these  data  groupings  is  referred  to  as  a  data  file  in  the  follow¬ 
ing  pages.  The  contents  of  the  data  files  and  the  manner  in  which  the  data 
are  used  in  the  algorithm  are  discussed.  An  initial  set  of  data  is  docu¬ 
mented,  based  on  the  data  gathering  efforts  under  this  effort.  In  addition, 
a  sample  display  format  for  each  data  file  is  provided. 

The  detailed  program  flow  in  Section  III  of  this  report  refers  to  the 
types  of  data  stored  in  each  of  the  data  files  as  the  data  is  required  by 
the  algorithm  for  computational  or  display  purposes. 
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FIGURE  1 

MODEL  APPLICATION 


JiODEL  INPUT  PARAMETERS 


•  CUSHION  ftAT£RI AL5 

•  OENSITY 

•  RAW  MATERIAL 

•  CUSHION  DIMENSIONS 

•  MANUFACTURING  PROCESS  COSTS 

•  A/C  FLEET  PROJECTIONS 

•  NUMBER  OF  A/C 

«  NUMBER  OF  SEATS  P£«  A/C 

•  SEAT  MIX  (COACH,  1ST  CLASS,  ETC.) 

•  SEAT  LIFE 

•  WEIGHT  IMPACT  ON  fuel  CONSUMPTION 

•  FUEL  COSTS 


MODEL  OUTPUT 


•  COSTS  PER  SEAT  *0  - 

•  :sv._r;,CT*j  r 

•  FLY  (WElGnr  IMPACT) 

•  total  costs  ov:°  ETinr 

flee!  FOR  SPECIFIED  TIME 
HORIZON  TO  - 

•  MANUFACTURE 

•  FLY  (WEIGHT  IMPACT) 


FIGURE  2 

MODEL  CONFIGURATION 


CUSHION  DIMENSIONS  FILE  (DIMEN) 


The  user  of  the  aircraft  seats  algorithm  may  vary  the  dimensions 
of  the  aircraft  seat  cushions  to  reflect  an  actual  change  in  typical 
cushion  dimensions,  or  to  examine  the  impact  of  a  proposed  change  in 
cushion  dimensions.  The  dimensions  to  be  used  are  stored  in  the  cushion 
dimensions  file,  in  terms  of  the  length,  width  and  thickness  of  both 
the  bottom  and  back  seat  cushions.  Different  sets  of  dimensions  may 
be  stored  for  coach  and  1st  class  category  seats.  These  data  serve 
to  approximate  the  size  of  the  cushions  and  do  not  take  into  account 
any  seat  contouring  or  irregular  seat  shapes. 

The  initial  data  set  for  this  file  contains  the  dimensions  used 
by  CRPO  in  their  initial  work  to  determine  typical  coach  seat  cushion 
weights : 

.  BACK  CUSHION:  26  in.  x  17  in.  x  1.5  in. 

.  BOTTOM  CUSHION:  18.5  in.  x  18.9  in.  x  3.0  in. 

It  has  been  assumed  that  the  primary  difference  between  coach  and 
1st  class  seats  is  the  seat  width.  Thus,  the  initial  data  for  1st 
class  seats  width  is  2  inches  greater  than  that  specified  for  coach 
seats. 

The  user  may  also  bypass  the  calculations  of  seat  area  and  volume 
using  seat  cushion  dimensions,  and  directly  input  the  cushion  area  and 
volume.  This  option  may  be  desireable  when  area  and  volume  informa¬ 
tion  is  available  and  better  reflects  a  seat  cushion  size,  with  its 
various  contours  and  irregular  shapes,  than  dimensions  data  can  pro¬ 
vide.  Area  and  volume  data  would  be  input  to  the  cushion  dimensions 
file  in  lieu  of  length,  width  and  thickness  data  for  back  and  bottom 
cushions  for  both  coach  and  1st  class  seats. 

The  display  format  for  the  cushion  dimensions  data  file  (DIMEN) 
is  provided  on  the  following  page. 


SEAT  CUSHION  MATERIALS  FILL  (MATERL) 

The  file  of  seat  cushion  materials  contains  all  materials  that  are 
used  to  create  seat  cushion  configurati ons  for  the  aircraft  seats  algorithm. 
Each  material  is  numerically  coded,  with  materials  currently  included  in 
the  file  identified  by  the  code  established  by  the  CRPO.  In  addition  this 
file  contains:  the  material  name;  product  number;  a  brief  description; 
the  material  supplier,  the  density;  and  several  estimates  of  a  unit  cost. 

In  some  cases,  one  material  may  be  available  in  a  variety  of  thicknesses, 
in  which  case  a  lower-case  alpha  character  will  follow  the  3-digit 
material  code  to  differentiate  between  thickness. 

The  initial  data  set  for  the  seat  cushion  materials  file  has  been 
provided  by  the  CRPO  and  is  shown  in  Table  1  .  The  material  prices 
currently  listed  are  those  quoted  to  CRPO  for  their  purchase  of  a 
limited  quantity  of  materials.  The  user  may  enter  other  price  estimates 
to  more  accurately  reflect  the  material  price  in  a  large  scale  market. 

The  display  format  for  an  entry  in  the  materials  file  (MATERL)  is 
also  provided. 
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I  IMI.Al  uAiA  51  f  »  k  uAI  w.Hiu:,  •u.t-v.M. 


t  ABLi 


•  <*L  jH'A  >t  t  <*,,  • 


!«h»;ai  coch  :  ooi  neoprene  foam 

P«OUH. :  NO.  VONAR  so.  i 

DESLRIP1  I  UN :  1/16  IN.  NEOPRENE  FOAM  WITH  t».  0  »  Vi'S  T'l  1.  ;  .  IT  '  i8.-eK 

COTTON  SCRIH 


lA’LRIAL  0»t  :  )04t  MR 

w::vct  3-150 

DESCRIPTION:  RESIlJEN’  JRC'hANi  HAH.  J 


MIPI1HR-  CHRIS  CRAFT  INDUSTRIES.  INC. 

tfiirif  .  n/ifl/FT? 

or.t  I’Rifi  10  rupii  .  0.16/  $/ftj 

mi  . 

10  • 

:*0  - 
or  MEM  . 


SUPPLIER:  SCO”  PAPER  CO.  -  FOAM  ZU . 

DIV.ITY:  1.5*1  L8'fT3 

COS'  :  PRICE  *  .  •  It. 66'  S  FT  1 

-1  . 

LC  - 

:  te:  - 

O'hI*  - 


MATIRlAt  COUI ;  002  NEOPRENE  EGAM 
PHWWC1  SO.  :  VONAR  NO.  2 

IH  SCRIPT  ION:  2/16  IN.  NEOPRfHE  FOAM  WITH  6.1  «  10*  1  TO  1.4  ■  10"'  i  8/FT2 
COTTON  SCRIM 


mat;  RIAL  CuDC : 

PRuy.CT 

ot.Rfpr;n- 


0O4c  NFR  JRE  ThASE 
3*  ISO 

RE'.ItlEST  URf-HA-if  FOAM;  1/2  IS. 


SUPPLIER;  CHRIS  CRAFT  INDUSTRIES,  INC. 

OtNSITT;  .  139  LB/FT2 

COST:  PRICE  TO  CRPO  -  0.261  J/T12 

H|  - 
LO  • 

NEC  - 
OTHER  - 


•  ';r*-;ER:  SIC'T  PAPER  CO.  -  FOAM  01.. 

:.i‘.0L8'rn 
-y-  •  *  FJ.571  $'H3 

Lj  - 

*55.*.  . 


MATERIAL  COOT;  OOU  NFR  URETHANE 
PRODUCT  HO. ;  IT  ISO 

DESCRIPTION:  RESILIENT  URETHANE  FOAM;  2  IN.  THICK 


material  ;• ■.  »s  wool/mlon 

PR03L-CT  :•**.:  ST7427-H5 

•••-*  pip*;,-.-  3  76423  SUN-ECUPSE  BIOC/REO;  :i_jt  *1.  1 

r>  wool  io  vlon 


5UPPUIH  SCOTT  PAPER  CO.  -  FOAM  DIV. 

IRRMIY:  I.SOO  LB/FI1 

CO*.!:  PRICI  TO  CRPO  -  10.00  J/fTJ 

HI  - 
10  - 
NED  - 
OTHER  - 


•JP  C-JRP. 

.01 7  LB  F’2 

1 .  1 75i>  S  F  T  2 


IAiILI  1  :  IMIIIAI  OAI A  SET  I  >X  MAT  I.IIMO?,  IttTlilAl  ,  .  Ill 


TABLE  l  :  INITIAL  UA|A  SET  F'M  SEAT  f.OSMlOIi  MATERIAL, 


iVUlWAl  i.flIR  :  009  NEOPRfNE  FOAM 


PRODUCT  no. . 
DESCRIPTION: 


VONAR  NO.  3 

3/16  IN.  NEOPRENE  FOAM  WITH  6.9  «  I*/  1  ly  1.1  •  1., 
COTTON  SCRIM 


SUPPLIIR:  CHRIS  CRAFT  INDUSTRIES.  INC. 

DENSITY:  .2271B/FT? 

COM;  PRICE  TO  CRPO  -  0.  J67  $/f  T? 

HI  - 
LO  - 
IN  0  - 
OTHER  - 


MATERIAL  COOl  ;  OUb  POIVMJDC  FOAM 

PRODUCT  NO.: 

DESCRIPTION:  RESILIENT,  3  IN.  THICK 


SUPPLIER:  INT'L  HARVESTER  -  SOLAR  01V. 

DENSITY;  1.200  LB/FTJ 

COST:  PRICI  Tu  CRPr,  -  60.00  S/F’3 

HI  - 
LO  - 
MED  - 
OTHER  ■ 


MATE RIAI  COOT: 
PROOUCr  NO. . 
DESCRIPTION: 

SUPVt  ||K 
W  NM  1 Y 

l.OS  I  ‘‘Kill  10 
Ml  - 
10  - 

MCO  . 
OTHTK  - 


010  PBI  BATTING 

40-4010.1 

HEAT  STABILIZED 


fm  aw  si  r  ire  h-.  v»:it.  co. 
I  RPO  ■ 


MATERIAL  COOL:  014-  POLYNIOE  T'JAM 

PRODUCT  NO. : 

DESCRIPTION:  RESILIENT.  W2  1%  THlCr 


SilPPlItV;  {V.  MARVISTIR  -  SOlAR  OJv  . 

IH  V  I  *  •  •  l./O*1  IB'I  T) 

J.USI :  »*R  l '  ■  I  '  3  if  - 

»l  - 
LO  - 
MED  - 
OTHl  i  • 


MA 1 1  B IM  (INK 
INHNNIf  i  1*1. 

IR  MR  I  PI  MW 


0144  PWYNIIM  ||MM 
Rl  Ml  UNI .  IN  lH|i'K 


MlPI‘1 1l  K  INlIRNAIIUNAi  HARVi  STIR  -  5<R  AM  Hit . 

WN.Il'  j  200  LB'FT3 

COM  >‘R1C!  TO  CRPO  - 
Ml  - 

LO  - 

MED  - 
OtHTR  • 


MA-I  RIAL  IU>- 
rPtKRtl  I  Nil. 
Ul  M  R I PIKIN- 


MME  Ti(»Ni  i  uAM 


M  Ppl  l «  N: 

:  OS T  .  PR|| 

Hi  - 

mi: 


V\  CAROLINA  I  JAM  :v>. 
I.fiM  LB  TT I 
*'  *  n.'/O  5  ”3 
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I  AlILl  I  INIIIAl  UAIA  1L  I  fiH  iLAI  w.-nlg;.  fU'i*;..* 


TAuU  I  INI  HAL  jA  i  A  ill  rM  Si  A 


.WTUiAL  corn 
PRODUCT  HO. 
i)(  SCRIPT  ION 


OI7b  FR  URETHANE  FOAM 
2043 

J  IN.  THICK 


•WTEBIAL  COOl  019  BIAC«  BATTING 
PRODUCT  HO. 

OE  SCRIPT!  Dr, 


SUPPLIER:  NO  CAROLINA  FOAM  1N0. 

OiNSITy  1.870  LB/FT3 

COST  PR1CI  1 1 1  CRPO  •  16.667  S/FT3 

Hi  - 
10  • 

MED 

OTHER  • 


SUPPLIER:  CELANESE  FIBERS  HrTV  f, 

DENS! Tv 

COST :  PR  I  Cl  T ;  CRPO  - 

HI  - 
10  - 
’TED  • 

OTHER  - 


MATERIAL  COOl 
PROOUCT  NO. 
DESCRIPTION 


017c  fR  URETHANE  FOAM 
2043 

1/2  IN.  THICK 


material  CODE  020  LS200 

PROOOC  ’  r.O 

DESCRIPTION:  1/2  IN.  ThIC*  NEOPRENE  Uj 


MlPPt  I  f  H 
IN  NS  ITT - 
(OS!  11(111 
HI  - 
LO  - 
MED  - 
OTHER 


NO  CAROLINA  FOAM  I  NO. 
1.870  I  e/I  1  i 
IRPO  .  H.  s/1  l /Hi 


SUPPLIER;  TOYAO  CORP. 

MV,  Id  234  IB/FT? 

I.JM  :  »■«:<  *  •  Wfi  .  .  /f> J  S/( \2 

Hi  - 
LO  • 

NEC  - 
OTHER  . 


MATERIAL  COM  018  PB1  FABRIC 
PROOUCT  HO 

l)t SCRIPT  ION  WOVEN  PBI  FABRIC  HEAT  STABILIZED;  2  *  I  TWILL  MADE  FROM 

THERMALLY  STABILIZED  PBI  YARN 


-UTERI A,.  C.TDs  121  ALUMINUM  TOIL 
PROOUC’  Ml. 

L.E  SCR  If  110*1  •  3.002  li. 


SUPPLIER  CELANCSE  FIBERS  MUG.  CO. 

0ENS1TY: 

LOST:  PRICE  TO  CRPO  - 

HI  • 

LO  - 
MCO  • 

OTHER  - 


SUPPLIER:  REYNOLDS  *1. 

DENSITY:  .ooo  ls-ft: 

••GST :  fpjf,  T  -RPO  .  0-0? !  $'FT2 

LO  - 
*<fi»  - 


'■  AIJl  E  1 

INITIAL  UATA  SIT  FiM  SEAT  lOSHJOT.  TTATi HI  A,  . 

.  fill 

TABLE  1  : 

INITIAL  DATA  SET  F,r  SLAT 

HATIHIAI  COOl 

022  NFOPRENt  FOAM 

MATERIAL  code  . 

025  LS  200 

PR0UIC1  HO. 

VONAR  NO.  3 

PROTECT  NO. 

01  Sl.KimON 

3/16  IN.  NEOPRINE  FOAM  Will*  6  )  .  in' 
PBI  SCRIM 

: ,  i . 

.  l/‘  LB/FT2 

DESCRIPTION: 

3/8  IN.  T'-|CK 

'•IJPPLllH: 

CHRIS  CRAFT  INDUSTRIES.  INC. 

SUPPL IE  0; 

TOYAO  CORR 

DENSITY 

.257  LO/*  T? 

DENSITY • 

COM  PR1CI 

10  CRPO  -  0. 367  S.ET? 

COST  PRICE  ’ 

,  API,  - 

Ml  - 

HI  - 

l  0  - 

LO  - 

MCO  - 

MED  - 

OTHER 

OTHL “  - 

MAUHlAl  COM 

023  N  'VRENI  ) OAII 

MAT!  RIAL  CUOi 

026  FR  COT  TOTE  •  *« |  T 

PROOUC  T  NO . 

VONAR  3  INIRIRLINER 

1  »  10-2  LB/FT2 

PROOUC’  ’.0 

DESCRIPTION 

3/16  IN  NEOPRINE  FOAJI  WITH  6.  »  »  10- i 
POLYESTER  SCRIM 

•>j  i. 

OCSlRIF’IiFN: 

FABRIC,  44  «  40  TiMf Ay 

SUPPl  If  R 

CHRIS  CRAFT  INDUSTRIES.  INC 

Supplier 

lANGENThAi  INT'c  lorp 

density 

22 7  LB'FT2 

density 

.018  LB/FT? 

COST  PRICE 

TO  CRPO  -  0  394  $  FT2 

COST:  rojr; 

*  0.41?  VET; 

Hi  - 

Hi  - 

LO  - 

19  - 

MED  • 

MED  - 

OTHER 

OTHER  - 

MAM  RIAL  CODE 

024  COTTON  KNIT 

MAT i RIAL  COCt 

329  nohe«  ;i; 

PUOE»:<  !  NO 

PRODUCT  NO 

1)1  R 1 P  T  l  ON 

FABRIC.  44  »  40  THREAD  COUN’ 

CIS-.RIP’I  iN 

SUPPl  IE " 

lANGENTHAL  INT’l  CORP 

>  i*  PI  11  H 

OENSITy 

018  LB/FT? 

Df  v.|t. 

OSO  LB 'Ft; 

COST  PR  Id 

10  CRPO  0222S/FT2 

■  -  *  f<*  !  • 

-  I.  )3J  $'FT2 

HI  • 


•*!  D  • 


lo  - 

MED  - 
()FMI  R 
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SEAT  CUSHION  CONFIGURATION  FILE  (CONFIG) 

The  seat  cushion  configuration  file  may  contain  up  to  1000  combina¬ 
tions  of  available  seat  materials  (from  the  materials  file)  for  evalua¬ 
tion  in  the  aircraft  seats  algorithm.  As  new  materials  are  added  t< 
the  materials  file,  new  configurations  can  be  specified.  A  cushion 
configuration,  as  currently  defined,  can  be  comprised  of  all  or  a  sui  set 
of  the  following  layers: 


LAYER  A  - 

Upholstery 

LAYER  B  - 

Scrim 

LAYER  C  - 

Heat  Blocking  Layers 

LAYER  D  - 

Airgap  Layer 

LAYER  E  - 

Reflective  Layer 

LAYER  F  - 

Foam 

The  cushion  configuration  code  has  already  been  generated  by  the  CRRO 
for  over  300  configurations,  as  listed  in  Table  2  .  These  codes  are 
maintained  in  this  data  file.  Any  additional  configurations  can  be 
added  to  the  file  and  will  be  assigned  the  next  available  numeric  code. 

In  addition  to  a  definition  of  the  configuration  by  code  and  the 
materials  used  for  each  layer,  this  file  contains  information  about  the 
cushion  configurations  wear  life,  cost  and  fire  performance.  The 
cushion  wear  life  will  probably  be  different  for  the  bottom  and  back 
cushions,  and  is  tracked  separately  throughout  the  algorithm.  However, 
due  to  the  limited  information  currently  available,  the  manufacture  and 
fire  performance  in  bottom  and  back  cushions  are  treated  the  same  for 
the  purpose  of  this  exercise. 

Manufacturing  costs  can  be  handled  by  the  seats  algorithm  in  several 
fashions,  to  allow  for  the  variability  in  the  data  available.  The  most 


simple  approach,  Method  A,  is  the  direct  input  of  the  total  cushion  price. 
If  greater  insight  into  the  cushion  price  is  available,  a  price  breakdown 
that  includes  labor  cost,  development  cost,  and  overhead  and  profit  rates 
may  be  used.  The  algorithm  will  then  generate  a  total  price  based  on  the 
sum  of  labor  and  development  costs,  multiplied  times  the  overhead  and 
profit  rates: 

TOTAL  $  =  (LABOR  $  +  DEVEL  $)  x  OVERHEAD  %  x  PROFIT  % 

Alternatively,  using  Method  B,  there  may  be  no  actual  cost  data  available 
for  a  particular  configuration,  but  only  educated  judgements  on  how  the 
manufacturing  process  will  differ  in  reference  to  a  known  seat  configura¬ 
tion.  The  Reference  Configuration  (REFRNC)  file  contains  the  information 
on  the  costs  to  manufacture  a  selected  reference  seat,  broken  down  as 


follows : 

LABOR: 

DEVELOPMENT: 

OVERHEAD: 

OTHER 

FABRICATION 

DESIGN  ENGR 

TOOLING 

PLANNING 

SUSTAINING  ENGR 

FRINGES 

ASSEMBLY 

TOOLING 

OTHER 

The  data  may  be  available  at  the  category  level  (i.e.,  labor,  develop¬ 
ment,  overhead,  other)  or  at  the  sub-category  level  (i.e.,  fabrication, 
planning,  etc).  Data  is  entered  and  stored  for  the  new  configuration  to 
indicate  that,  for  example,  fabrication  costs  are  estimated  to  be  25  T 
higher  than  the  reference,  and  design  engineering  10T  lower.  These 
differences  are  stored  as  factors  in  the  configuration  file.  The 
seats  algorithm  will  use  these  to  generate  total  seat  cushion  costs. 

Finally,  the  seat  cushion  configuration  file  will  contain  the  fire 
performance  characteristics  of  a  specific  configuration.  At  this  point, 
these  are  not  directly  used  by  the  algorithm,  but  merely  stored  in  a 
convenient  location  for  reference  by  the  algorithm  user.  There  are 


many  potential  measures  of  fire  performance  that  could  eventually  be 
included  in  this  file.  However,  under  this  effort  only  three  will  be 
addressed: 

Radiant  panel  test  results 
.  Modified  heat  release  calorimeter  test  results 
C-133  test,  derived  egress  time 

The  initial  data  set  for  the  configuration  file  is  largely  com¬ 
prised  of  the  definition  of  configurations  established  by  the  CRPO. 
Two  of  these  configurations  contain  an  amplified  set  of  data  to  in¬ 
clude  seat  wear  life  and  manufacturing  costs,  as  presented  in  Table 
3.  There  is  no  fire  performance  data  available  at  this  time. 

A  display  format  for  individual  entries  in  the  configuration 
file  (CONFIG)  is  also  provided. 
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The  aircraft  seats  algorithm  generates  comparative  costs,  as  opposed 
to  absolute  costs,  by  comparing  associated  costs  for  the  introduction  of 
a  new  seat  cushion  to  those  costs  associated  with  a  reference  or  baseline 
seat  cushion.  The  reference  cushion  will  usually  be  one  that  is  current¬ 
ly  in  use  in  commercial  aircraft.  The  seats  algorithm  then  can  be  used 
to  determine  the  impact  of  changing  the  seat  cushion  to  an  alternative 
cushion  configuration.  The  reference  seat  cushion  configuration  file 
specifies  the  configuration  to  be  used  as  a  reference  by  the  configura¬ 
tion  code  and  the  code  for  the  material  used  in  each  layer.  It  also 
includes  data  on  the  seat  cushion  life  and  manufacturing  costs. 

In  this  file,  manufacturing  costs  are  entered  as  dollar  amounts 
broken  into  the  following  categories:  labor,  development,  overhead  and 
other.  If  data  is  available,  each  of  these  categories  can  be  further 
broken  down  into  sub-categories  to  provide  more  insight  into  the  con¬ 
tribution  of  various  manufacturing  cost  elements  to  the  total  price. 

The  costs  in  this  file  do  not  include  material  costs,  which  are  added 
in  the  algorithm  to  generate  a  total  seat  cushion  price. 

The  initial  data  set  for  the  reference  file  specifies  a  fire 
retardant  urethane  foam  cushion,  encased  in  cotton  muslin  and  covered 
with  the  wool/nylon  upholstery.  The  seat  cushion  life  and  manufactur¬ 
ing  cost  data  is  preliminary  in  nature  and  has  been  derived  from  con¬ 
versations  with  a  variety  of  seat  manufacturers,  airline  operators, 
and  NASA  personnel . 

A  display  format  for  this  file  and  its  initial  data  set  are  pro¬ 
vided  on  the  following  page. 
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AIRCRAFT  FLEET  PROJECTION  DATA  (FLEET) 

The  aircraft  seats  algorithm  has  been  structured  to  handle  data  for 
three  categories  of  jet  aircraft:  2  -  engine,  3  -  engine,  and  4  -  engine. 
This  structure  has  been  employed  to  correspond  to  the  format  of  U.S.  fleet 
projection  data  presented  in  the  annual  FAA  Aviation  Forecasts  (See  Table 
4).  The  FAA  forecasts  have  been  developed  with  the  aid  of  sophisticated 
modelling  tools  that  consider  economic  indicators,  market  trends,  and 
policy  issues  to  generate  the  best  available  projection  of  U.S.  air 
carrier  activity. 

Within  each  engine  category,  data  may  be  further  broken  down  by 
specific  aircraft  type.  This  additional  breakdown  provides  the  capabil¬ 
ity  to  capture  variations  in  seating  capacity  and  the  sensitivity  to 
changes  in  aircraft  weight  from  one  aircraft  type  to  another.  There 
may  be  a  range  of  three  to  ten  aircraft  types  within  each  Engine  category. 
It  is  expected  that  some  current  aircraft  types  will  be  replaced  by  new 
aircraft  types  in  the  time  period  under  consideration,  therefore  alter¬ 
ing  the  composition  of  the  fleet. 

The  seats  algorithm  uses  the  fleet  projection  data  and  the  'new1 
aircraft  delivery  schedule  data  (described  later  in  this  section)  to 
generate  an  annual  requirement  for  aircraft  seats.  Following  the  in¬ 
troduction  of  an  improved  seat  configuration,  the  assumption  is  made 
that  all  'new'  aircraft  will  contain  the  improved  seats.  It  is  also 
assumed  that  seats  in  aircraft  that  are  already  in  operation  prior 
to  the  introduction  of  the  improved  seat  will  be  replaced  as  old  seats 
wear  out.  Figure  3  depicts  this  transition  from  current  to  improved 
seats  over  the  aircraft  fleet,  as  it  is  treated  in  the  methodology 
developed  for  the  seats  algorithm. 

ECON,  Inc.  has  created  an  initial  data  set  of  U.S.  aircraft  fleet 
projections  to  be  used  in  the  exercise  of  the  seats  algorithm.  As 


new  or  different  information  becomes  available,  new  data  sets  can  be 
created.  The  initial  data  set  includes  only  jet  aircraft  flown  by 
U.S.  Air  Carriers,  excluding  cargo  transports  which  fly  no  passenger 
seats.  Historical  data  pertaining  to  the  number  of  aircraft  by  type 
in  actual  operation  by  U.S.  trunk  carriers,  local  carriers,  and  supple¬ 
mental  air  carriers  for  the  years  1978  to  1980  was  obtained  from  the 
World  Aviation  Directories,  Nos.  79-82.  Table  5  summarizes  this  data. 
This  data  corresponds  fairly  well  to  the  historical  data  included  in 
the  FAA  Aviation  Forecasts  provided  for  2  -  engine,  3  -  engine,  and  4  - 
engine  category  aircraft.  However,  because  the  FAA  aircraft  forecasts 
include  cargo  transports,  it  was  necessary  to  adjust  those  projections 
accordingly  for  use  in  the  seats  algorithm  fleet  projection.  Without 
the  inclusion  of  cargo  aircraft  the  annual  fleet  size  was  assumed  to 
be  approximately  85%  of  that  shown  in  the  FAA  forecast  for  both  2  - 
engine  and  4  -  engine  aircraft.  An  85%  adjustment  approximates  the 
difference  in  the  FAA  historical  data  and  the  historical  data  recorded 
in  the  World  Aviation  directory.  The  number  of  3  -  engine  aircraft  used 
for  cargo  transport  is  currently  very  small  and  was  assumed  to  continue 
to  be  so,  therefore  the  no.  of  3  -  engine  aircraft  in  the  initial  data 
set  corresponds  very  closely  to  the  FAA  forecasts. 

The  World  Aviation  Directories  were  also  the  source  for  data  on 
the  number  of  aircraft  on  order  by  different  U.S.  air  carriers.  The 
initial  data  set  created  by  ECON,  only  specifies  two  new  aircraft  types 
by  name,  Boeing's  767  and  757,  with  first  deliveries  expected  in  1983 
and  1985,  respectively.  This  reflects  the  information  currently  avail¬ 
able  about  orders  placed  for  new  aircraft.  In  addition,  other  new  air¬ 
craft  may  be  in  operation  during  the  time  period  under  consideration, 
but  they  are  not  specifically  cited  in  the  initial  data  set.  It  is 
assumed  that  the  reduction  in  the  4  -  engine  aircraft  fleet  as  pro¬ 
jected  in  the  FAA  forecasts  reflects  the  retirement  of  a  significant 
portion  of  the  B-707  type  aircraft.  The  initial  data  set  reflects 
this  as  a  gradual  retirement.  Otherwise,  the  distribution  of  aircraft 
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types  within  an  Engine  category  has  been  done  somewhat  arbitrarily, 
using  the  number  of  aircraft  currently  in  operation  and  currently  on- 
order  as  a  guide. 

Table  6  documents  the  initial  data  set  for  U.S.  aircraft  fleet 
projections  by  Engine  category,  by  aircraft  type,  by  year. 

The  display  format  for  the  aircraft  fleet  projection  data  file 
(FLEET)  is  also  provided. 
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TABLE  «  -  JET  AIRCRAFT  IN  THE  SERVICE  OF  U.S.  AIR  CARRIERS  BV  AIRCRAFT  TYPE* 


Historical* 

Jet 

1975 

541 

926 

627 

1976 

514 

1,003 

619 

1977 

536 

1 ,025 

593 

1978 

563 

1,074 

551 

1979 

618 

1,164 

509 

1980 

665 

1,262 

501 

Forecast 

1981 

669 

1,284 

459 

1982 

674 

1,306 

425 

1983 

757 

1,328 

397 

1984 

829 

1,349 

369 

1985 

927 

1,370 

344 

1986 

970 

1,369 

349 

1987 

1,015 

1,368 

354 

1988 

1,061 

1,367 

355 

1989 

1,105 

1,365 

356 

1990 

1,148 

1,364 

357 

1991 

1,191 

1,362 

361 

1992 

1,235 

1,360 

364 

*  DATA  SOURCE:  FAA  AVIATION  FORECASTS.  Fiscal  Tears  1981-1992,  September  1980. 
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TABLE  6:  INITIAL  DATA  SET  FOR  U.S.  AIRCRAFT  FLEET  PROJECTIONS 
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NEW"  AIRCRAFT  DELIVERY  SCHEDULE  (DELIV) 


In  addition  to  the  aircraft  fleet  projections  previously  discussed, 
the  aircraft  seats  algorithm  also  utilizes  data  regarding  the  projected 
deliveries  of  "new"  aircraft  to  characterize  the  operational  air  carrier 
fleet.  It  is  assumed  that,  once  improved  seat  cushion  criteria  have  been 
decided  upon,  all  "new"  aircraft  will  contain  improved  seats,  while  air¬ 
craft  currently  in  operation  will  replace  existing  seats  only  when  they 
are  worn  out  or  the  aircraft  undergoes  a  decor  refurbishment.  There¬ 
fore  it  is  necessary  to  differentiate  between  the  number  of  "existing" 
and  "new"  aircraft  in  any  given  year. 

The  "new"  aircraft  delivery  schedule  will,  obviously,  correspond 
to  the  projection  of  aircraft  fleet  size.  If  the  total  number  of  2  - 
engine  aircraft  flying  in  a  given  year  has  increased  from  the  previous 
year  by  20  aircraft,  it  can  be  assumed  that  at  least  20  "new"  aircraft 
have  been  added  to  the  fleet.  However,  in  examination  of  actual  fleet 
size  and  aircraft  delivery  data  for  1980  one  learns  that  other  factors 
must  also  be  considered.  For  example,  according  to  the  World 
Aviation  Directory  (Summer  1981,  No.  82),  there  were  a  total  of  52 
more  B- 727  aircraft  in  operation  in  the  U.S.  air-separate  carrier  fleet 
in  1980  than  1979.  However,  81  "new"  B-727's  were  delivered  to  U.S. 
air  carriers.  Some  of  those  "new"  aircraft  were  used  to  replace 
existing  aircraft  that  were  retired  or  sold  to  non-U. S.  air  carriers. 

The  "new"  aircraft  delivery  schedule  data  is  required  for  the  algorithm 
to  provide  insight  into  this  occurrence. 

An  initial  data  set  for  the  "new"  aircraft  delivery  schedule  has 
been  created  by  ECON,  Inc.  is  shown  in  Table  7.  Alternate  or  im¬ 
proved  aircraft  delivery  schedules  may  be  created  with  the  assistance 
of  the  FAA  or  airlines  themselves  and  used  in  its  stead.  Assumptions 


about  aircraft  retirement  from  the  U.S.  fleet  were  made  somewhat  ar¬ 
bitrarily,  but  in  keeping  with  the  general  trends  reflected  in  the 
projections  of  fleet  size. 

The  display  format  for  the  "new"  aircraft  delivery  schedule  data 
file  (DELIV)  is  also  provided. 
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AIRCRAFT  CHARACTERIZATION  FILE  (ACCHAR) 

The  aircraft  seats  algorithm  requires  data  from  the  Aircraft 
Characterization  File  to  generate  information  from  the  aircraft  opera¬ 
tions  portion  of  the  algorithm.  This  file  contains  three  basic  kinds 
of  data  for  each  aircraft  type  included  in  the  fleet  projection  and 
"new"  aircraft  delivery  schedule: 

average  number  of  seats 
.  percent  of  total  seats  that  are  1st  class 
.  estimated  weight  to  fuel  sensitivity 

The  initial  data  set  for  this  file  contains  numbers  for  the 
average  number  of  passenger  seats  per  aircraft  type  primarily  based 
on  information  provided  by  Jane's  Pocket  Book  of  Commercial  Transport 
Aircraft  (Taylor,  John  W.,  Collier  Books,  1973).  In  some  cases  there 
are  different  number  of  seats  for  different  versions  of  aircraft  types, 
such  as  the  DC-8  Series  30-40  verses  the  DC-8  Series  60-70.  In  such 
cases,  these  differences  were  averaged  to  derive  one  number  represent¬ 
ing  a  specific  aircraft  type.  Information  for  the  B-757  and  B-767 
was  obtained  from  Boeing  Commercial  Airplane  Company's  Public  Relations. 

The  data  on  1st  class  seating  is  necessary  to  distinguish  between 
1st  class  and  coach  seating  because  the  size  of  seats  in  these  sections 
will  most  likely  differ.  The  seat  size  influences  manufacturing  costs, 
raw  material  costs  and  seat  weight.  At  this  time,  the  initial  data  set 
was  constructed  such  that  each  aircraft  type  contains  1st  Class  seats 
for  8%  of  the  total  seating.  This  number  was  taken  from  the  available 
information  regarding  the  B-757  and  is  considered  to  approximate  the 
split  between  each  coach  and^First  class  seats  for  all  commercial  air 
transport. 

The  approach  taken  in  the  aircraft  seats  algorithm  to  generate  the 
impact  of  additional  weight  on  the  aircraft  fuel  consumption  is  only  one 


of  many  approaches.  The  algorithm  is  structured  so  that  additional 
approaches  could  be  incorporated  at  a  later  time,  if  desired.  This 
approach  was  selected  because  of  its  simplicity  and  because  of  the 
supporting  data  available  from  the  United  Airlines'  publication, 

"The  Engineering  Connection",  April  28,  1980.  In  this  approach  an 
estimate  is  used  for  the  number  of  gallons  additional  fuel  required 
to  fly  one  additional  pound  of  weight  on  one  aircraft  for  one  year. 

The  estimate  should  represent,  as  much  as  possible,  the  varying  route 
structures  across  the  U.S.  It  is  assumed  that  there  will  be  no  sig¬ 
nificant  change  in  aircraft  utilization  over  the  years, as  there  is 
currently  no  mechanism  in  the  algorithm  to  allow  for  variations  in 
route  structures  from  one  year  to  the  next. 

The  initial  data  set  includes  estimates  for  the  weight  to  fuel 
sensitivity,  as  described  above,  referenced  by  United  Airlines  for  the 
following  aircraft:  B-747,  B-737,  8-727,  DC8-61 ,  and  DC-10.  The 
estimates  used  for  the  other  aircraft  types  in  the  file  were  approxi¬ 
mated  using  the  United  estimates  as  a  reference.  The  data  generated 
for  the  initial  data  set  is  provided  in  Table  8. 

The  display  format  for  the  aircraft  characterization  data  file 
(ACCHAR)  is  also  provided. 
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FUEL  COST  PROJECTION  FILE  (FUEL) 

The  cost  of  jet  aircraft  fuel  is  expected  to  increase  over  the 
time  horizon  under  consideration  for  the  development  of  the  aircraft 
seats  algorithm.  The  algorithm  has  been  designed  to  allow  the  user  to 
specify  annual  fuel  costs  based  on  projections  available  at  the  time. 
An  initial  data  set  for  the  fuel  cost  projection  file  has  been  defined 
by  ECON  that  reflects  an  annual  increase  over  1981  actual  fuel  costs 
of  5%  per  year,  as  shown  below: 

YEAR  FUEL  COST  ($1  GAL.) 


1981 

$1.00 

1982 

1.05 

1983 

1.10 

1984 

1.16 

1985 

1.22 

1986 

1.28 

1987 

1.34 

1988 

1.41 

1989 

1.48 

1990 

1.55 

1991 

1.63 

1992 

1.71 

The  display  format  for  the  fuel  cost  projection  data  file  (FUEL) 
is  also  provided. 


DISPLAY  FORMAT 
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III.  LOGICAL  PROGRAM  FLOW 


This  section  of  ECON's  documentation  of  the  methodology  for  an  air¬ 
craft  seats  algorithm  to  assess  manufacturing  and  operating  costs  con¬ 
tains  a  detailed  logical  flow  of  the  program.  This  flow  indicates  the 
sequence  of  the  necessary  calculations,  the  series  of  questions  that 
should  be  posed  to  the  program  user,  and  the  nature  of  the  user  response. 
It  specifies  when  the  contents  of  particular  data  file  are  required  for 
a  calculation.  It  also  indicates  the  kinds  of  summary  reports  that  can 
be  generated.  Each  summary  report  is  sequentially  numbered  in  the 
logical  program  flow,  and  a  sample  report  format  is  provided  in  the 
pages  following  the  logical  flow. 

The  detailed  program  flow  documents  the  sequence  of  calculations  and 
steps  of  program  execution  as  seen  by  the  user  of  the  program.  It  does 
not  dictate  the  internal  structure  of  data  organization  and  program  de¬ 
sign.  However,  the  methodology  was  developed  with  the  understanding 
that  there  were  no  data  base  management  systems  available  for  use  and, 
therefore,  any  manipulation  of  the  data  would  need  to  occur  within  the 
structure  of  the  program  Itself.  Accordingly,  the  methodology  reflects 
an  attempt  to  keep  additions  and  changes  to  the  data  as  simple  for  the 
user  as  possible,  while  still  providing  a  capability  to  upgrade  the 
data  as  required. 

Each  step  in  the  program  execution  as  outlined  in  the  following 
pages  is  numbered  for  documentation  purposes  only,  to  clarify  the 
sequence  and  allow  references  to  previous  steps  or  indicate  a  'skip' 
to  a  future  step. 
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FIRE  PROTECTION  STUDIES  OF  AIRCRAFT  SEATS 


I^_  MASS  INJECTION  STUDIES  INTO  THE  ENVIRONMENT  CAUSED  BY  THERMAL 
DEGRADATION  OF  URETHANE  FOAM  AND  PIKER  CONSTRUCT IONAL  MATERIALS 
IN  AIRCRAFT  SEATS. 


Investigators :  Demetrius  Kourtides,  Alan  Campbell  Ling, 

Wai  Lee,  Tom  Atchison,  Donna  Davidson ,  &  Sharyn  Jupp 


1.  INTRODUCTION 


The  purpose  of  the  project  is  to  develop  a  superior  fire  resistant  aircraft 
seat  involving  a  compromise  between  absolute  fire  protection  producing  a 
seat  that  is  too  heavy  with  respect  to  payload  considerations,  and  too 
costly  from  a  materials  viewpoint,  and  a  light  weight  inexpensive  seat  that 
offers  no  fire  resistance  at  all. 

The  initial  method  of  investigation  involves  the  examination  and  development 
of  a  heat  blocking  layer  for  the  protection  of  the  urethane  foam,  the  prim¬ 
ary  cushioning  rraterial.  One  criterion  for  the  acceptibility  of  a  superior 
heat  blocking  layer  is  that  it  must  provide  both  a  greater  cost  benefit  and 
better  heat  blocking  performance  than  the  current  3/16"  layer  of  Vonar® 
presently  used  in  domestic  aircraft. 

It  is  postulated  that  one  of  the  largest  contributors  in  the  development  of 
a  hostile  environment  inside  an  aircraft  cabin  during  a  fire  is  the  produc¬ 
tion  of  flammable  and  toxic  vapors  from  soft  fabrics  and  furnishings,  the 
majority  of  which  form  the  seating  facilities  in  an  aircraft.  In  particu¬ 
lar,  the  flammable  vapors  derived  from  thermal  decomposition  of  the  urethane 
foam  cushions.  Thus  a  primary  objective  of  this  phase  of  the  investigation 
was  to  determine  quantitatively  the  effects  of  a  fire  on  such  foam  materi¬ 
als,  and  to  develop  methods  that  will  reduce  production  of  such  flammable 
vapors. 


This  initial  investiqat ion  has  therefore  concentrated  on  determining  the  ap¬ 
parent  weight  loss  sustained  by  the  central  cushioning  material  (fire- 
retarded  f ire-res istant  urethane  foam,  and  non-fire  protected  foam),  togeth¬ 
er  with  determining  weight  loss  factors  sustained  by  the  other  components 
that  comprise  a  typical  seat  cushion,  both  as  a  function  of  time,  and  as  a 
function  of  the  thermal  flux  incident  on  the  front  face  of  the  seat  cushion. 

Parallel  investigations  involving  theoretical  and  semi-empirical  modelling 
of  the  heat  conduction  and  thermal  radiation  properties  of  various  materi¬ 
als,  has  led  to  the  development  of  a  simple  model  based  on  six  identifiable 
layers  in  a  typical  seat  cushion.  This  model  cushion  (see  Figure  1)  con¬ 
sists  of  the  following  six  layers: 

1.  The  Wool-Nylon  fabric  layer  (outer  decorative  cover). 

2.  The  reradiative  char  layer  (formed  from  the  heat  blocking 
layer  by  thermal  degradation  of  suitable  fabric  or  foam). 

3.  The  transpirational  layer  (allowing  vapor  interchange). 

4.  The  air  gap  1 ayer. 

5.  The  reflective  layer  (to  assist  in  controlling  radiant  energy). 

6.  The  cushioning  foam  (solely  present  for  comfort  factors,  and 
the  primary  agent  that  requires  thermal  protection). 

Table  1  lists  the  materials  that  have  been  chosen  via  a  conflicting  set  of 
criteria  (cost,  comfort,  availability,  thermal  safety,  constructional  via¬ 
bility,  toxicity  factors,  weight/density  factors,  and  aesthetics)  for  the 
construction  of  current  and  future  aircraft  seat  cushions. 

As  a  preliminary  study,  small  scale  tests  of  the  heat  blocking  efficiency  of 
candidate  cushions  were  conducted  using  the  NBS  Smoke  Density  Chamber.  The 
NBS  Smoke  Density  Chamber  has  been  modified  to  measure  weight  loss  as  well 
as  smoke  density,  as  a  function  of  time,  at  a  specific  heat  flux  (range  of 
1.0  W.cm"2  to  more  than  7.5  W.cm-^). 


FIGURE  1 


THERMAL  PROTECTION  MODEL  FOR 
FIRE  BLOCKED  SEAT 
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MODEL  CONFIGURATION  FOR  OPTIMUM  SEAT  CUSHION 
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TABLE  1.  LIST  OF  MATERIALS,  AND  THE  PHYSICAL  CONSTANTS  OF  THE  MATERJALS, 
CHOSEN  FOR  CONSTRUCTIONAL  COMPONENTS  IN  CONTEMPORARY  AND  NEXT  GENERATION 


NAME 

AIRCRAFT  SEATS. 

MATERIAL  DESCRIPTION 

PHYSICAL  CONSTANTS  TRADENAME 

SUPPLIER 

Vonar  1  Cotton 

1/16  inch  Neoprene 

Vonar  1® 

DuPont  De 

[-* 

(Vonar  1) 

Foam  with  Cotton 
Scrim  interliner 

0.11  lb/ft2 

Cotton  In¬ 
terliner 

Nemours 

Vonar  2  Cotton 

2/16  inch  Neoprene 

Vonar  2® 

DuPont  De 

(Vonar  2) 

Foam  with  Cotton 
Scrim  interliner 

0.18  lb/ft2 

Cotton  In¬ 
terliner 

Nemours 

* 

Vonar  3  Cotton 

3/16  inch  Neoprene 

Vonar  3® 

DuPont  De 

(Vonar  3) 

Foam  with  Cotton 
Scrim  inter liner 

Cotton  In¬ 
terliner 

Nemours 

Non-F ire-Retarded 

Polyurethane  Foam 

1.1  lb/ft3 

#BT  150 

Scott 

w 

Urethane  Foam 
(NF  Urethane) 

Urethane 

Foam 

Paper 

1 

Wool -Nylon 

90%  Wool/10% 

R76423  Sun 

Collins  4 

, 

Fabric 
(W-N  Fabric) 

Nylon  Fabric 

0.097  lb/ft2 

Eclipse 

Aikman  Corp. 

Polyimide  Foam 

Polyimide  Foam 

Polyimide 

Solar  Turbines 

H 

(PI  Foam) 

1.2  lb/ft3 

Foam 

International 

F ire-Retarded 

Polyurethane 

#2043  Urethane 

E.  R.  Carpenter 

Urethane  Foam 
(FR  Urethane) 

Foam 

1.87  lb/ft3 

Foam 

&  Co. ,  Inc. 

Aluminized 

Heat  Stabilized 

Preox® 

Gentex  Corp. 

h  - 

K 

Cel iox 
(A1  Cel iox) 

Polyacrylonitrile 
0.079  lb/ft2 

1100-4 

Aluminized 

Norfab 

70%  Kevlar* 

25%  Nomex® 

Norfab 

1 1HT-26-AL 

Gentex  Corp. 

i 

t 

(A1  Norfab) 

5%  Kynol® 

0.079  lb/ft2 

Aluminized 

V 

k 

Glass 

181  E-Glass 

Gilwee 

V 

V 

t. 

Fabric 

Satin  Weave 

(NASA) 

2.  THE  SMOKE  OENSITY  CHAMBER 


The  NBS  Smoke  Density  Chamber  is  an  approximately  3'  x  3'  x  2'  (18  ft  , 
ca.  500L)  enclosed  test  chamber,  connected  to  a  manometer  and  an  exhaust 
system  to  purge  smoke  from  the  chamber.  If  kept  open,  the  exhaust  vent  can 
be  used  to  provide  continuous  purging  of  the  chamber  v#iile  in  use.  In  case 
of  sudden  pressure  increases  in  excess  of  six  inches  of  water,  the  chamber 
is  equipped  with  an  aluminum  blow-out  panel  pressure  relief  outlet.  A  chro- 
mel-alumel  wire  electrical  furnace  is  used  as  a  heat  source.  The  furnace  is 
calibrated  at  least  once  every  two  week  to  ensure  that  the  correct  heating 
rate  is  applied.  To  minimize  the  effect  of  smoke  stratification  a  vertical 
photometric  system  with  a  collimated  light  beam  is  used  to  measure  smoke  de¬ 
nsity.  The  amount  of  smoke  production  is  recorded  via  a  Photomultiplier- 
Microphotometer  which  registers  the  relative  intensity  of  light  transmit¬ 
tance.  The  NBS  Smoke  Density  Chamber  has  presently  been  modified  via  the 
installation  of  a  balance  (Arbor  Model  #1206,  reading  to  0.01  g).  This  mod¬ 
ification  allows  measurement  of  the  rate  of  mass  loss  as  a  function  of  time 
at  any  one  heating  rate. 


3.  CONSTRUCTIuN  OF  TEST  SAMPLES 


The  test  samples  are  approximately  3"  x  3  by  approximately  0.5  to  1.0  in 
thickness;  they  are  constructed  by  wrapping  the  heat  blocking  layer  around 
approximately  0.5"  of  the  urethane  foam  to  resemble  a  miniature  seat  cushion 
(Figure  2).  Each  component  of  the  miniature  cushion  is  first  weighed,  then 
neatly  sewn  together  using  neadle  and  thread.  The  cushion  is  then  suspend¬ 
ed  from  the  balance  and  placed  directly  in  front  of  the  heater. 


4.  TEST  PROCEDURE 


After  the  electrical  furnace  has  been  brought  to  the  desired  heat  flux,  the 
balance  is  checked  by  weighing  a  small  weight  (usually,  a  small  piece  of 
urethane  foam  approximately  0.05  grams  in  mass).  The  sample  is  then  sus¬ 
pended  from  the  balance  via  thread  and  a  wire  frame  (Figure  3).  To  prevent 
the  sample  from  being  exposed  to  the  heat  source  while  mounting  the  sample 
in  preparation  for  the  test,  the  sample  is  mounted  behind  an  asbestos  heat 
shield.  After  the  sample  has  been  mounted,  the  balance  is  checked  again  to 
ensure  that  the  sample  is  hanging  freely,  and  that  the  supsension  cord  is 
not  binding.  To  start  the  test,  the  heat  shiled  is  removed,  and  the  lister 
connected  to  the  balance  output  initiated.  The  weight  of  the  sample  during 
the  test  is  measured  by  the  balance  and  recorded  via  a  Hewlett  Packard  5150A 
Thermal  Printer;  readings  are  taken  every  two  seconds.  After  the  test,  the 
sample  cushion  is  cut  apart  and  the  remaining  urethane  foam  weighed  to  det¬ 
ermine  the  weight  loss  of  the  foam  center  itself. 

As  an  additional  check,  the  weight  of  the  sample  cushion  is  determined 
before  and  after  the  test  on  a  second  static  balance  to  determine  the  weight 
loss. 


5.  CHAMBER  OPERATION  AND  CALIBRATION 

5.1  HEATER  CALIBRATION 

The  heater  is  cal  ibrated  at  least  once  every  two  weeks  using  a  water  cooled 
calorimeter  connected  to  a  mil  1 ivoltmeter.  The  heating  rate  is  calculated 
from  the  millivolt  output  using  a  calibration  curve  supplied  by  the  manufac¬ 
turer.  The  calibration  is  done  by  increasing  the  applied  voltage  five  volts 
every  five  minutes  (starting  at  25  volts)  until  a  heat  flux  of  7.5  watts  per 
square  centimeter  is  achieved.  A  plot  of  applied  voltage  versus  heat  flux 
then  provides  the  operating  calibration  curve  for  the  furnace. 
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6.  DISCUSSION 
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Our  test  results  will  be  used  to  calculate  the  time  required  to  reach  such  a 
condition  of  flash-over,  assuming  for  simplicity  that  the  following  assump¬ 
tions  may  be  taken: 

1.  The  amount  of  combustible  material  ejected  into  the  air 
comes  from  the  decomposition  of  the  urethane  foam. 

2.  The  mass  lost  by  the  urethane  foam  is  equal  to  the  amount 
of  decomposed  vapor  ejected  into  the  air 

The  first  assumption  is  an  idealization.  It  is  acceptable  only  if  the  major 
portion  of  combustible  vapors  in  the  air  comes  from  the  seat  cushions.  The 
second  condition  is  more  in  the  nature  of  a  limitation,  since  our  experimen¬ 
tal  procedure  does  not  presently  allow  us  to  determine  the  exact  amount  of 
combustible  material  injected  into  the  air  from  the  urethane  foam. 


6.1  NOTES  &  COMMENTS: 

It  is  obvious  from  prima  facie  considerations  that  not  all  vapor  from 
the  decomposition  of  the  urethane  foam  is  ejected  into  the  air.  Some  of  the 
vapor  must  be  trapped  by  the  heat  blocking  layer.  Firstly,  there  are  small 
but  finite  amounts  of  material  adsorbed  onto  the  fibres  and  surfaces  of  the 
heat  blocking  material (s).  Experimentally,  using  the  technique  outlined 
above,  this  seems  to  be  a  very  small  effect,  and  can  be  neglected.  Second¬ 
ly,  at  low  heating  rates,  the  urethane  foam  melts  rather  than  vaporizing. 
This  "liquid"  urethane  foam  will  then  seep  into  the  heat  blocking  material 
and  be  retained,  either  as  an  adsorbed  liquid,  or  after  solidification, 
within  the  heat  blocking  layer.  Thirdly,  for  those  cases  where  the  heating 
rate  is  very  high,  the  urethane  foam  may  decompose  so  rapidly  that  an  en¬ 
dothermic  cooling  effect  will  be  noted,  enough  to  cool  its  surroundings  suf¬ 
ficiently  to  allow  vapors  to  condense  inside  the  heat  blocking  layer.  This 
effect  exhibits  itself  directly  by  a  mass  gain  for  the  heat  blocking  layer. 


The  endothermic  decomposition  (in  situ  pyrolysis  of  urethane  vapors)  induced 
cooling  effect  from  the  urethane  foam  tends  to  improve  the  thermal  prot¬ 
ection  efficiency  of  the  heat  blocker,  and  of  the  seat  cushion  as  a  whole. 
A  cyclic  protection  process  is  induced,  whereby  the  foam  itself  protects  the 
heat-blocking  layer,  which  in  turn  provides  better  thermal  protection  for 
the  foam  cushion.  Because  decomposition  of  the  urethane  foam  cools  the  sam¬ 
ple,  less  mass  is  lost  when  urethane  foam  is  present.  In  point  of  fact,  it 
was  found  advantageous  to  use  non-fire  resistant  foam  with  many  heat  block¬ 
ing  layers,  since  the  overall  effect  was  quantitatively  better  than  when  us¬ 
ing  fire-resistant  foam  with  the  same  heat  blocking  layer.  Further,  by 
punching  holes  in  the  back  of  the  sample  cushions  to  vent  the  cooling  vapors 
back  into  the  foam,  we  can  decrease  the  rate  of  mass  loss  by  the  urethane 
foam  even  further,  allowing  transpirat ion  effects  to  assist  in  the  overall 
fire  protection  mechanism. 

It  should  be  noted  carefully,  that  individual  fire  resistance  by  the  compon¬ 
ents  themselves  do  not  necessarily  confer  good  overall  fire  resistance  on 
the  sandwich  itself.  There  are  distinct  synergistic  effects  noted,  where 
the  contributions  from  each  component  in  the  whole  package  are  superior  to 
their  individual  contributions. 

The  heat  blocking  materials  tend  to  protect  the  urethane  foams  by  two  dif¬ 
ferent  mechanisms.  Materials  with  aluminum,  such  as  aluminized  Celiox®  and 
aluminized  Norfab®,  tend  to  disperse  and/or  reflect  radiant  portions  of  the 
heat  flux.  Materials  containing  Neoprene®,  such  as  Vonar®,  tend  to  absorb 
the  heat,  emit  water  vapor,  and  thus  cool  the  urethane  foam.  At  low  heating 
rates,  materials  that  will  disperse  the  heat  tend  to  perform  better.  At 
high  heating  rates,  materials  that  absorb  the  heat  and  create  some  form  of 
endothermic  process  (such  as  water  vapor  emission)  perform  better. 

One  of  the  practical  difficulties  of  this  form  of  testing  is  that  at  the 
conclusion  of  the  test  procedure,  decomposition  of  the  urethane  foam  contin¬ 
ues  after  the  removal  of  the  heating  source  by  shielding  of  the  sample  cush¬ 
ion.  At  low  heating  rates  (2.5  w.cm"^),  this  effect  is  small  and  can  be 
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neglected.  At  heating  rates  of  5.0  w.cm"2  the  effect  is  noticeable.  At 
high  power,  with  heating  fluxes  of  7.5  w.cm”2  the  amount  of  urethane  foam 
decomposing  during  this  after-test  quenching  period  can  be  a  major  contrib¬ 
utor  to  total  decomposition. 

A  second  shortcoming  in  this  experimental  procedure  is  that  the  precision 
achievable  from  nominally  identical  samples  is  poor.  Thus,  many  samples 
must  be  tested,  and  average  properties  (mass  injection  rate  and  figure  of 
merit)  determined.  Single  determinations,  or  the  use  of  data  from  one  sam¬ 
ple  in  a  set,  can  be  misleading. 

6.2  SUGGESTIONS 

To  determine  the  exact  fraction  of  the  mass  lost  from  the  urethane  foam 
that  ends  up  in  the  environment  as  flammable  vapor,  it  is  necessary  to  de¬ 
termine  the  qualitative  content  of  the  gaseous  effluent  from  the  foam  as  the 
model  seat  is  heated.  Gas  samples  can  be  taken  at  various  times  during  the 
test  using  a  conventional  industrial  “sniffer",  and  subjected  to  analysis 
via  routine  GC/MS  methods.  This  will  also  allow  determination  of  the  con¬ 
tributions  made  by  the  heat-blocking  layer  and  wool/nylon  decorative  cover 
and/or  other  components  to  the  flammable  vapor  reservoir  injected  into  the 
environment  of  the  burning  seat. 

A  more  exact  measure  of  the  temperature  profile  across  the  seat  cushion 
would  allow  determination  of  the  times  and  relative  decomposition  rates  of 
the  components  in  the  seat  cushion.  Small  (to  avoid  local  thermal  reservoir 
effects)  thermocouples  could  be  implanted  into  the  sample  to  measure  the 
temperature  at  different  depths  into  the  foam  cushion.  The  actual  tempera¬ 
ture  required  for  significant  decomposition  of  the  urethane  foam  can  be  de¬ 
termined  directly  by  TGA,  measurement  of  the  temperature  of  the  foam  at  dif¬ 
ferent  depths  (measured  from  the  surface  subjected  to  the  heat  flux)  will 
indicate  when  any  particular  layer  reaches  decomposition,  and  thus  an 
indirect  but  valuable  measure  of  the  effective  mass  lost  from  the  foam  it¬ 
self,  without  resort  to  mass  measurements  that  are  suspect  due  to  several 
contributing  and  often  conflicting  factors.  Among  other  advantages,  this 
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indirect  measure  of  mass  loss  would  obviate  problems  from  "after-test"  ter¬ 
mination  errors  caused  by  the  so-called  quenching  period. 


7.  EXPERIMENTAL  RESULTS  AND  DATA  SUMMARIES 

The  following  calculations  and  definitions  are  used  in  presenting  the 
data  in  the  tables  and  figures  that  follow.  The  mass  injection  rate  into 
the  environment  is  based  on  the  mass  lost  by  the  urethane  foam,  and 
calculated  from  the  surface  area  presented  to  the  thermal  flux,  and  the  time 
required  to  produce  the  observed  weight  loss.  A  relative  figure  of  merit 
can  be  defined  in  terms  of  the  mass  injected  into  the  environment  for  any 
defined  thermal  flux. 

7.1  CALCULATIONS 


Wo  - Weight  of  the  sample.  (The  sum  of  the  component  weights) 

Wt(0)  -  Weight  of  the  sample  at  the  start  of  the  test  plus  any  tare 

weight.  (The  weight  of  the  sample  registered  by  the  balance 
at  the  start  of  the  test) 

Wt(T ) - Weight  of  the  sample  at  time  T  plus  any  tare  weight  (the 

weight  of  the  sample  registered  by  the  balance  at  time  T 

into  the  test) 

Wf0 - Weight  of  the  urethane  foam  before  the  test  (in  grams) 

Wff  -  Weight  of  the  urethane  foam  after  the  test  (in  grams) 

Te - Total  Elapsed  time  of  test  (in  seconds) 

Area  -  Area  of  sample  exposed  to  electrical  furnace  (cm2) 

q  -  Heating  rate  (in  watts  per  centimeter  square) 

M  . . -  Mass  injection  rate. 

E  -  Figure  of  merit. 

%  WEIGHT  REMAINING  =  (Wo  -  [Wt(0)  -  Wt (T)]  )/Wo*100 
%  WEIGHT  LOSS  =  [Wt(0)  -  Wt (T)]/Wo*100 
Mass  injection  rate  =  M  =  [Wf0  -  Wff]/Te*Area 
Figure  of  merit  =  E  =  Q/M 
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7.2  DISCUSSION  OF  DATA  AND  CONCLUSIONS: 

A  full  listing  of  all  data,  more  than  300  samples  were  tested,  is  given  in 
Appendix  A  (blue  colored  sheets).  It  is  useful  to  select  from  this  listing 
those  samples  that  exhibited  superior  performance,  defined  arbitrarily  here 
as  those  model  cushions  that  have  a  Figure  of  Merit  (FOM)  in  excess  of  10 
(in  arbitrary  units). 

The  Figure  of  Merit  is  calculated  from  the  quotient": 

Heat  Flux  Incident  on  Model  Seat  Surface 

Figure  of  Merit  =  FOM  =  - 

Mass  Injection  into  Environment 

Thus,  the  higher  the  FOM,  the  better  is  the  performance  of  the  heat  blocking 
layer  in  protecting  the  urethane  foam  core  of  the  seat  cushion  (less  mass 
lost  and  potentially  injected  into  the  environment  for  higher  heat  fluxes). 

A  listing  of  the  best  performing  cushions  is  given  in  Table  2.  It  should  be 
noted  that  the  precision  of  data  gathering  from  sample  to  sample,  and  the 
errors  generated,  do  ot  allow  this  figure  of  merit  to  be  prcise  measurement 
of  performance.  In  selecting  the  best  performing  cushions,  25  such  samples 
were  noted  with  FOM  values  exceeding  10,  however,  several  sample  cushions 
occurred  only  once,  even  though  tested  more  than  once.  These  were  deleted 
from  the  listing,  and  only  those  samples  that  had  frequency  factors  greater 
than  unity  were  retained.  For  example,  one  cushion  utilizing  Vonar®-l  as 
the  heat  blocking  layer  exhibited  an  FOM  value  of  150!  Simlarly,  one  cush¬ 
ion  that  did  not  have  any  heat  blocking  layer  at  all,  merely  fabric  covered 
foam  exhibited  a  single  value  of  24  for  the  FOM  value. 

It  is  important  to  note,  that  of  the  20  samples  appearing  in  Table  2,  16  of 
them  (80%)  are  samples  utilizing  alumin ized-Cel iox®  as  the  heat  blocking 
1  qyer.  Moreover,  18  of  the  20  samples  are  ones  with  ventilation  holes  cut 
through  the  back  of  the  heat  blocking  layer,  to  allow  "breathing"  by  the 


interior,  and  thus  convect ive/transpirational  h°at  exchange  effects  to  as¬ 
sist  the  thermal  protection  mechanism.  One  final  point  is  worth  noting,  of 
the  20  top  performing  sandwiches,  all  but  two  of  them  utilized  non-fire  re¬ 
tarded  foam. 


Table  2.  Model  Seat  Cushions  Exhibiting  Figures  of  Merit  Exceeding 
10  Arbitrary  Units  at  2.5  Matts  per  square  centimetre  with 
Respect  to  their  Mass  Injection  Rates  into  the  Environment 


CONFIGURATION  OF  CUSHION  SANDWICH 

FIGURE  OF  MERIT 

Mean  S.D.  (#  of  samples) 

Fabric/Al-Cel iox/NF  Foam* 

14.8  +  5.7 

(4) 

Fabric/Al-Cel iox/NF  Foam 

15.5  +  3.5 

(2) 

Fabric/Cel iox-Al/NF  Foam* 

13.4  +  2.8 

(8) 

Fabric/Cel iox-Al /FR  Foam* 

19.5  +  3.5 

(2) 

Fabric/Norf ab-Al /NF  Foam* 

18.5  +  1.5 

(2) 

Fabric/Vonar-3/NF  Foam 

20.5  +  3.5 

(2) 

"S.D."  =  Standard  Deviation 
*  Vent  holes  through  back  of  heat  blocking  layer 


7.3  OTHER  DATA 


Abridged  summaries  of  the  data  collected  for  this  project  are  given  in  Ap¬ 
pendix  A  (blue  colored  sheets),  and  include  the  following: 

Table  1.  Sample  identification  codes  and  compositions  of  the  sandwiches 

tested  in  this  program  to  date. 

Table  2.  Abridged  weight  loss  data  for  all  samples  tested. 

Table  3.  Mass  injection  rates  and  figures  of  merit  for  all  sandwiches  tes¬ 
ted  to  date  at  2.5  watts  per  square  centimetre. 

Table  4.  Thermogravimetric  data  for  various  materials  used  in  the  con¬ 

struction  of  aircraft  seats. 

Table  5.  Physical  constants  for  some  high  performance  materials  used  for 
heat  blocking  layers,  and  for  the  selected  wool/nylon  decorative  cover. 

Table  6.  Smoke  emission  and  heat  release  data  for  urethane  foam  alone. 

Table  7.  Smoke  emission  and  heat  release  data  for  Vonar®  foams  used  as  heat 
blocking  layers  in  these  studies. 

Table  8.  Smoke  emission  data  for  polyurethane  foams  protected  by  Vonar® 
foams  in  sandwich  samples. 

Table  9.  Smoke  emission  data  for  various  heat  blocking  layer  protected  foam 
samples. 

Table  10.  Smoke  emission  and  heat  release  data  for  sandwiches  of  foam  and 
various  heat  blocking  layers. 

Table  11.  Heat  release  data  for  individual  materials  for  aircraft  seats. 

Graphical  representations  of  these  data,  in  the  form  of  fractional  weight 
loss  as  a  function  of  time,  are  given  in  Appendix  B  (pink  colored  sheets). 


MOOfcLJJLAT  CUSH  1  CHS  MTER  TVF.WVU.  TFPTTMJ 

Miniature  cushions  are  apptox  imately  J.S"  aquaie, 
and  approximately  O.S"  in  thirxness. 


Jtfter  testing,  they  are  broxen  open  to  examine  for  ma^s  1 
and  overall  damage  to  the  center  uoly-ui ethane  foam  r*ur»m 
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TMM  r.  sw QKC  IWISSIOW  HUT  MltW,  DM6  fOR  *0HM«  fOMS  0S10  *5  HUT  BlOCMgG  im g5.* 
SMOKE  EM  I SS  ION  *£*•  tttEASE 


material 

W  TIME 

TINE 

VhL* 

VALUE 

01 SCRIPT  108 

FLU*  & 

(u/CRP)  IO|TUl 

or 

MAXIMUM 

ff 

MAXIMUM 

OF 

MAXIMUM 

[HjTlAl  HMthUH  HMIW* 

list  dO/dt  (f«c)  (J/crf) 
U«c) 


uonor  1  *  . 

Cotton* 

3.5 

8.0 

73.0 

10.0 

107.64 

10. 0 

6.0 

7.0 

10  -  75 

5.0 

4.0 

6  -  16 

73  .  40 

766  .  431 

15.0 

7.0 

3.5 

6.0 

Honor  ?  - 

Cotton* 

3.5 

7.0 

10.0 

71.0 

764.76 

35-0 

7.0 

u.o 

13.0 

5.0 

7.0 

8.0 

100.0 

1076.43 

40.0 

0.0 

;s.o 

6.0 

Honor  3  - 

7.5 

0.0 

5.0 

51.0 

548.04 

30.0 

0.0 

11.0 

5.0 

•  Cot  ton  ter  in  cow  thoot  wood  wound  *op  m  *•  root  ttrtt. 


IWlt  8.  S**E  EMISSION  P6TA  F0>  MX.  TUBE  THANE  fOAM  PtOTECTED  BT  VONAB*  rpM  HEAT  BLOCKING  LAYERS* 


¥ondr«-3*  1.5  6.0  10.0  75.0  769. 1 1  790.0 


5.0  6.0  1.0  66.0  *S.n  270.0 

7.S  3.0  6.0  100.0  1076.43  330.0 


Urtthww  fo«*  vr^pod  tn  •  cotton  icrM  cow  (hoot,  hoot  blocking  1  oyor  (Vonor*  too*)  ur* pod  orownd 
this  control  cushioning  pockogo. 
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HBU  4.  SMOKE  { MISS  I UN  CHARACTER  l»,i  u->  f  OR  SASlWlCMES  Of  £R-'  :■*.«  5 

BV_VA810US  Hj AT  BLOC* ISO  LAYERS  (WITH  ASP  wIThOuT  f  Aftg ] :  "OVERS)  ■ 


MATERIAL 

DESCRIPTION 

VAt  >jf 

OF  F3AM 

ma  1 1  mum 

'par*/ 

*f7-se c» 

VALU! 

■T  FOAM 
MAXIMUM 

(oart  ‘ 

<"* -sec) 

TIME 

OF  FTAM 
INVOLVEME  S' 

(sec) 

’  IMF 
f  FOAM 
MAIJMijM 

Wool-Nylon  fabr ic'Fo** 

46.0 

404.30 

12.0 

35. 0 

(12.6  ox/sq.  yard) 

64.0 

688.41 

5.0 

10.0 

40.0 

1065. 64 

2.0 

15.0 

VonarM-l/FR  Foam 

100.0* 

1076.43 

16.0 

30.0 

100.0* 

1076.43 

10.0 

15  0 

100.0* 

l"76.43 

6.0 

20.0 

A1-Norfab*/FR  fo*n 

si.o 

570.61 

00.0 

130.0 

ss.o 

502.03 

60.0 

00.0 

F4br1c/AI.»t)rf<b»/F0A«i 

52.0 

555.74 

55.0 

115.0 

so.o 

538.21 

60.0 

70.0 

30.0 

410.81 

10.0 

46.0 

MBlfJO.  SHONE  EMISSION  QATA  A  NO  ufAT  RtliASf  DATA  FOR  SANDWICHES  OF  f  R  f  1AM  AND 

VARIOUS  MEAT  BLOCKING  LAYERS  (WITH  ANC  WITHOUT  A  WOOL -NYLON  F ABB  1C  COVER) . 


MATERIAL 

DESCRIPTION 

wf  8T 

Fl-J« 
(w.'cin7 ) 

TIT* 

ff 

INI  TAl 
RISE 
(SRC) 

'1M[ 

•V 

MfllWM 

(sec) 

ML 'If 

OF 

MAXIMUM 

dS/dt 

(part/ 

Ft  -sec) 

VALUE 

OF 

MAXIMUM 

dS/dt 
(oar*.' 
nr -sec) 

TO’AL 

SMOrE 

3S 

F  abr  tc/FR  Foa* 

3.6 

12.0 

16.0 

45.0 

484.3 

5n.O 

(12.6  o//sq.  yard) 

6.0 

5.0 

30.0 

64.0 

688.4 

85.0 

7.5 

2.0 

16.0 

44.0 

1065.6 

105.0 

Vo*»ar*-?/F  R  5.0 

1.0 

20.0 

210.0 

3  700.0 

13.5 

455.6 

VonarM-3'FR  5.0 

30.0 

66.0 

?  ’0. 0 

4050.0 

23.5 

743.1 

Al-No  rf  ah* /Foam 

1.6 

00.3 

130.0* 

53.0 

570.51 

200.0 

6.0 

20.0 

So  Peak 

... 

120.0 

Fabric /A  T.ftorf  jft*/F 

n*r  '.6 

6.0 

26.0 

26.(1 

2  74.8 

185.0 

6.0 

7.0 

70.0 

32.0 

344.4 

130.0 

7.6 

2.0 

20.0 

13.0 

134.4 

40.0 

TMU  11.  NEAT  RELEASE  DATA  TOR  VARIOUS  MATERIALS  USED  FOR  AIRCRAF  T  SEATS 


MATtRIAL 

Tiff 

TIME 

VALUE 

TOTAL 

DESCRIPTION 

OF 

OF 

OF 

Q, 

INI' IA| 

RIM 
(sn  ) 

MAXIMA 

(ser) 

MAI  IMIM 

'*)<«« 

.l/rut  - 
ser) 

'  1/Cllf  ) 

Wool-Nylon  F*6rtc/FR  f o an 

1.0  -  2.0 

41.0 

27.0 

16*30.0 

4.0 

16.0 

21.0 

1000.0 

1.0 

35.0 

21.0 

1300.0 

41-Norf  *b*/FR  Fo«" 

110.0 

120  -  250 

16.0 

1  '60.0 

40.0 

40.0 

22.0 

1600.0 

r*r»</AT-*)rf4t>«'H  To 


4.0 

S.n 

n.n 


140.0 

8.0 

50.0 


3?.n 

18.0 

?i.n 


4660. i) 
t6>X).1 
ison.o 
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